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THE BR-2 EXPERIMENTAL FAST NEUTRON REACTOR" 


A.I. Leipunskii, D.I. Blokhintsev, I.N. Aristarkhov, I.I. Bondarenko, 
o.D. Kazachkovskil, M.S. Pinkhasik, Iu.Ia. Stavisskif, E.A. Stumbur, 
F.I. Ukraintsev and L.N. Usacheyv 


A brief survey is made of the design of the experimental fast neutron reactor and 
of its basic experimental and auxiliary equipment. The reactor was designed for phys- 
ical experimentation with fast neutrons, The core is composed of plutonium rods; the 
lateral reflector is filled with depleted uranium, Heat is removed froin the core by 
mercury and from the uranium reflector by air, The total rated powcr of the reactor is 
150 kw of which about 100 kw is derived from the core. 


The Reactor Core 


The fuel elements of the BR-2 reactor are plutonium rods 10 mm in diameter and 130 mm long. These 
are enclosed in ElalT stainless steel sealed tubes of 0.3 mm thickness. 


Each fue! element fs fastened to a long tungsten shaft clad in steel. In addition to the plutonium rods 
the core contains rods of depleted uranium of similar design. There is a total of 108 plutonium and uranium 
rods, The fuel element assembly is contained in a steel tube of 130 mm Inside diametez. The heat-transfer 
agent occupies 17% of the core volume, 


The Reflector 


The reflector consists of a layer of uranium (outside diameter 700 mm) and a layer of copper (outside di- 
ameter 1000 mm). The uranium reflector is made of rods 35 mm in diameter.which are steel jacketed. 


The tungsten shafts of the fuel elements form the upper end reflector. The lower end reflector is made 
of uranium. 


Control 


The reactor is controlled by a regulating system and an emergency shutdown system. The control ele- 
ments ate the movable parts of the shicld near the core. The principal element of the emergency system is a 
cylinder of 15 mm thickness moving in a circular opening close to the core. An auxiliary safety device and 
two automatic power regulators are placed in a second circular opening. Ail control ¢lements are made of a 
copper-nickel alloy. 


The control elements are lowered In order to reduce the reactor reactivity. Their maximum dispiace- 
ment of 180 mm produces the following changes in the reactivity: . 


Principal emergency element 3.6% 
Auxillary emergency element 0.9% 
Automatic regulators (each) 0.2% 


The control system also includes boron ionization chambers in the water shield of the reactor, electronic 
equipment and servodrives. 
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Fig. 1. Diagram of reactor; 1) core; 2) control and emergency devices; 3) reflector; 4) 
neutron beam-channel; 5) thermal coluinn; 6) fonization chamber channel; 7) water 
shield; 8) concrete shield; 9) cast iron shield; 10) mercury loop. 


The emergency shutdown system is activated when a given power level is exceeded and danger signals 
are recelved from the technological equipment. The electromagnets which hold the protective ele ments are 
de -energized so that these elements drop under the action of gravity. The flow parameters are conuolled by 
a system of control and nwasuring Instruments which are read by the operator at the central Instrument panel 


Under normal operating conditions the stadc temperature cocfficient of pile reactivity was negative at 


2-10 Ak/C*. Under some operating conditions the static temperature coefficient was positive without affect- 
ing the stability of the reactor.. 


Heat Removal System 


The mercury was circulated by a centrifugal pump with a capacity of 6 m pec hour, The mercury was 
cooled in a water heat exchanger. In case of breakdown or shutting -off of the puinp.a separate loop with nat 
ural circulation was provided to give powcr extraction up to 20 kw, 


Shielding 


The shield of the reactor consists of: a) a water shield 500 min thick; b) a layer of cast fron 400 mm 
thick; and c) a layer of heavy concrete (y = 4.2 g/cm*) 1200 mm thick. 


The measuring fonization chambers are In the water layer, which Is closest to the reactor, When the re- 
actor Is operating at Its rated power the radiation level in the reactor room with beam: completely cut off is 
considerably below the tolerance level and does not much exceed the cosmic ray background, 
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Fig. 2. General view of the reactor. 


Building 
A special laboratory building was constructed to house the reactor and its auxiliary equipment. The reac- 
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tor was placed fn the main experimental hall which ts 14 x 17 nf tn area and 14 m high, thus providing am- 
ple space for physical experimenting. The technological and communication equipment fs located fn sc parate 
shielded toms, The building also contains separate physical and chemical laboratories, 


Fig. 3. Central control console and panels, 


Experimental Arrangements 


Central experimental channel, This channel passes vertically along the axis of the reactor through the 
core and end reflectors. Its inside diameter is 8 mm. 


This channel fs designed for the irradiation of specimens with powerful fast neutron beams, 


The maximum fast neutron flux at the center of the core is 10 neutrons/em® sec. Specimens can be ir- 
radiated either with the hard spectrum of the core or with the softer spectra of the lower end reflector. 


Exverimental channels in the lateral reflector. The lateral reflectcr contains two experimental channels 
which are parallel to the reactor axis at distances of 160 and 260 mm. The inside diameter of the channels is 
30mm, These channels are designed for irradiation of specimens and for the installation of a loca] oscillator. 


Neutron beams. The reactor has three horizontal channels for the extraction of fast neutron beams outside 
of the reactor shield. Two channels proceed directly from the core and the third from the Lateral reflector. 


The channel diameter is 50 mim. The extracted neutron flux is 10° neutrons/em* sec, The walls of the reactor 
room contain neutron trapping chambers opposite the beams, 


Thermal column. For coimparison of fast and thermal neutron cross sections the reactor is equipped with 
8 graphite thermal column which fs of the dimensions 1400 x 1400 x 2600 mm. For protection from the gamma 
tay background the column Is separated from the reactor shield by a 200 mm layer of lead. The thermal neu- 
tron flux along the axis of the column varies from 10"! to 10” neutrons/cm® sec, 


The thermal column contains several channels for the irradiation of specimens and for the extraction of 


a thermal beam outside of the reactor shield, There are also special channeling block: placed aiong the axis 
of the thermal celumn, 


Urilization of the Reactor 


Various physical Investigations have been conducted with the BR-2 reactor. Principal attenuion has been 
devoted to experiments for the deterinination and improvement of the physical constants that are required fos 


{ 


the designing of fast neutron power reactors which are known to breed nuclear fuel, Such experiments In- 
chide the measurement of the fast neutron capture cross sections of various elements Including fissionable 
elements. Fast neutron fission has been Investigated, with the measurement of v,etc. In addition the re- 
actor has been used for experiments which are of interest for gencral nuclear physics, such as small — neu- 
. tron eines the production of isomers by inelastic neutron scattering, etc, 


The eifect of fast neutrons on various materials has alsw beer studied, 


The experimental results are being prepared for publication, 
The reactor will be rebuilt in 1957 in order to provide a considerable increase of its power. 


Received March 14, 1956 
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SCATTERING OF FAST PROTONS BY NONSPHERICAL NUCLEI 


S.I. Drozdov 


The angle distributions of protons scattered by spherical and nonspherical nuclei 
. are considerably different. A comparison of the calculated and experimental results 
makes it possible to estimate the departure froin sphericity of the nuclei, The scatter- 
ing of fast protons by nenspherical nuclei ts analyzed under the assumption that proton 
energy Is large compared with the energy of the Coulomb batrier (E 2 20 Mev). The 
“black nucleus* model is used in conjunction with the adiabatic approxim2tion accord- 
ing to which the calculation of the effective scattering cross sections fs reduced to a 
determination of the scattering amplitudes for a fixed nucleus, It is shown that the 
amplitude can be given in the form of a suim of amplitudes for diffraction scattering 
and scattering in the electric field of the nucleus. Both parts of the amplitode are de- 
termined under the assumption that the nuclear shape does not exhibit a large departure 


from sphericity « 1). The angle distributions for protons scat- 
tered by even-even nuclei are calculated, 


1. Formulation of the Problem 


We shall be interested in the scattering of protons by nonspherical nuclel. If the proton time-of-flight in 
the vicinity of the nucleus is sinall compared with the rotational period of the nucleus, in determining the ¥- 
function of the system the adiabadic approximation can be used: 


V(r, uy (r, Pn (1.1) 


Here uy (rf, w) is the wave function for the system comprised of the proton and a fixed nmcleus; ¢, (w) is 
wave function for the rotational state of the nucleus which depends on the angle w, determining the orientation; 
k and £ are the wave vector and the position vector of the incident proton respectively. Thus, in the adiabatic 


approximation we analyze the scattering of a proton by a fixed nucleus which is in a rocational state yp (w) 
prior to the scattcring event. 


The adiabatic approximation fs valid if the following condition is fulfilled (1}: 


ARS <1, (1.2) 
' where kR fs the ratio of the dimensions of the nucleus to the wavelength of the particle; Ac is the spacing be- 
tween the first rotational levels and E is the energy of the particle. 


The wave function u,(r, w), which describes the motion of the proton in the field of the fixed nucleus, 
assumes the following asymptotic form ast ay; 


where £(Q, w) Is the scattering amplitude of die proton in a direction Q with mspect to dhe fixed nucleus, which 


i 


depends on the orfentation of the nucteus w; a * Ze?m/tPk; Ze ts the charge of the nucleus and m ts the 


mass of the proton, In accordance with Equations (1.1) and (1.3) the ¥-function of the systein has the asyinp= 
totic form: 


lust as for neutrons [1], from this expression we determine the scattering cross sections with the excitation of 
rotational states of the nucleus. The differential scattering cross section in the direction Q with the excitation 
of the rotatioueal state has the form 


The wave functions for the rotational states of the nucleus are the eigenfunctions for a symmetric top; 


Pn () = V (20 + 1)/8e* (1.6) 


where Lis the total moment of the nucleus; M and K are the projections on an external axis and along the syim- 
metry axis of the nucleus respectively. Substituting (1.6) in (1.5) and using the well-known relations for the 
functions in (1.6) [2], we obtain the following expression for the differential cross section for the excitation of 

3 rotational level of te nucleus with an energy €y°, If prior to scattering the nucleus has a rotational energy 

€ ix: 


where the the Clebsch-Gordan covfficients, are the normalized spherical functions. In 
particular, ie differential cross section for elastic scattering is determined from Equation (1.7) for I? = L. 


Hence, in the adiabatic approximation the solution of the problem reduces itself to the determination of 
the seuttering amplitude £(Q, w) for a fixed nucleus, 


2. Scattering Amplitude 


In calculating the amplitudes £(Q, w) we shall assuine that the wavelength of the incident protons is con- 
siderably smaller than the dimensions of the nucleus (kR >> 1) and that the nucleus absorbs all particles which 


are Incident upon it (black nucleus). In this case the scattering of protons can be considered as a quasi -classical 
analog to the diffraction of light or neutons on a black body. 


We now generalize the Kirchoff diffraction theory [3] to the case of charged-particle scattering. Let 


w(t) 3 uy (r, w) be the wave function which describes die motion of the particle in the field of a fixed nucleus 
and which satisfies the Schrodinger equation 


[8 +K2(r, =0, 


and let G(r, r) be the corresponding Green's function 


4+ K*(r, G (r, (r— 


Then, as is well known, we have the following re lation; 


| 
. 
(2.1) 
| 


where the futegration fs carried out over some closed surface S. We choose the surface $ such that it passes 
through the nucleus. Since the nucleus fs black, on dils surface in the region of the nuclear shadow Sz in the 
first zpproximmation the wave function u(r) can be set equal to zero. In this same approxim ation, on the sur- 


face S outside the shadow of the nucleus the functions u and G can be assumed to be those which would exist 
in the absence of the nuclear forces. Then 


=0; 
(4+4*(r,~)] g(r, = (2.3) 


k? (r, w) == V(r, »)], 


where V(r, w) Is the electrostatic energy of the interaction of the particle with the nucleus, which depends on 


the orientation w. Thus, the wave function » (r) describes the motion of the particle in the electric field of the 
nucleus, In accordance with Equations (2.1) and (2.2) ’ — 


4 + (g(r, —$(r) Vg (r, ds, 


where the integration {s carried out over the area of the nuclear shadow. 


In scattering problems the point of observation is usually taken at Infinity (tg > a). In this case the 
function u(r_) 3 ux (f», Ww) In the left-hand part of Equation (2.4) assumes the asymptotic form (1.3). On the 
other hand, in the right-hand side of the equation the funcdion ¢(r,), which describes the scattering in the elec- 
tric field of the nucleus, assumes the following form at infinity: 


where f,(Q, w) is the scattering amplitude In the electric field of the nucleus, which depends on the orlenta- 
tion w, Substituting (1.3) and (2.5) in (2.4) we find that the Integral over the area of the nucicar shadow in 
(2.4) has an asymptotic form similar to a diverging wave 


tela 2ar 


4, 


In this expression the function fy(Q, w) is naturally called the diffracton-scatering amplitude. According to 
Equations (1.3) and (2.4~-2.6), 


I (2, = f,(2, ») «), 


that ts, the scattering amplitude comprises the sum of the amplitudes associated with diffraction scattering and 
scattering due to the electric. field of the nucleus, 


| 3. Diffraction-Scattering Amplitude 


The function g(r, r4) which appears in the integral In (2.6) fs the wave function for the charged particles 
which emanate at the point £ and move in the electric field of the nucleus, It follows that for t, —> @ the 
function g(g, £,) should assuine the forin of a diverging wave. As is well known 


where 


g(r, int | "ak, en 


where @,(r, w) @ p(r) are wave functions which satisfy Equation (2.3) and the boundary Condition (2.5); the 
path of Integration C fu the complex plane of the variable k’ passes around the point &° = k from below in ac- 
cordance with the boundary conditions at infinity. For tg > @, from (3.1) and (2.5) we have | 


(3.2) 


8 ~ (F, 


where k’ = ktg/ry is the wave vector of the scattered particle. Substitutirig (3.2) in (2.6) we find the amplitude 
for diffraction scattering 


In this integral the wave functions #,(r, w) which describe the motion of the particle in the electric field 
of the nucleus are, generally speaking, unknown; only the asyinptotic forms are known (2.5). The surface of 
integration Ss is equal to the area of the nuclear shadow on an arbitrary surface S, which passes dirough the nu- 
cleus, For simplicity, Ss may be taken as a surface which is perpendicular to the direction of the incident beam 
k. The area Ss depends on the orientation of the nucleus w. For E >> Ze*/R(kR >> a) it is possible to neglect 
the deformation of the tajectories of the incident particles in the electric field of the nucleus, In this case, the 
surface Sg, without change of shape, can be displaced in the direction k to a rather large distance from the nu- 
cleus ag such that the wave functions $y (r, w) can be represented by thelr asymptotic forms at this surface (2.5). 
As is well known [4], for kR > 1,the inain contribution in dic scattering amplitude comes from the large values 
of the impact parameters; there values correspond to incident particles at the edge of the surface Ss. In this 
cj, the diverging wave in (2.5) does not give an important conuibution in the integral (3.3) and hence, in mak- 
ing the substitutions in (3.3) it is possible to make use of only the distorted plane waves; 


(3.4) 


(r, @)~ efketizin 


Subsdituting (3.4) In (3.3) and changing the variable of integration (r = a,+ p, kr w kagt chore ): for small 


scattering angles,@ « 1,we obtain 


fa (2, = ag kR, 0 € ‘ on 


As Is-to be expected, the parameter ag in Equation (3.5) drops outr For a = 0 this equation describes neutron 
scattering. 


*Froin the derivation of Equation (3.5) it is apparent that in calculating the amplitudes for the diffraction scat- 
tering It is not necessary to take account of the finc details of ths electric field of the nucleus, Hence, in veri- 
fying Expression (3.5) it is possible to apply any method, using for $y (r, w) the Coulomb wave functions 


+ FI — is, 1, (he -- kr)), 


which describe the motion of the particle in the field of a point charge at the center of the nucleus, In this 
case, the surface of integration Sg in (3.3) can be chosen as a surface which passes through the center of the nu- 
clus r = 0 perpendicularly to the Incident beam (ke = 0). The main contribution in the Integral (3.3) comes 


from the large impact parameters kt ~ kk >> 1, Using the asymptotic representation of tw hypergeometsic 
function F(— la, 1, ike), for a « kr, we obtain (3,5). 


2 
. 
bes 
| 
>» 
% 
| 


Let the — be an ellipsoid of rotation with semiaxes a and b with a along the axis of symmetry. In 
this case the enue in (3.5) is taken over the area of the ellipse Ss with semi-axes b and 


=w. ‘In coordinates the in @. 5) has the form 


o)= 


= (11) exp { — ikp6[&*(») cos* — 


+-sin® (9 —‘D)]? 003 9” + 
+ 2ia In [kp cos? (p’ — + 


4 
+ sin® (p—9,))")) pdp dg’, 
sin = sin — ®) (n) cos* (p -- + 


+sin?(p—©)}, (0, 


If the nuclear shape 1s almost spherical, since a | : - 1] <« 1,the argument of the logarithm may be 
taken as kp. Then the integration over yg’ leads to a Bessel function of zero order: 


fa(2, w) = E (js) zitcie J, (x) dz. 


Integrating by parts 


at Jy 2ia zt J,(2)dz 


and using the well-known relations between the Bessel functions J,(x) and the [-function ['(x): 
(t) z \348 


al (4+ fa) 
ul (1— udu = 
we obtain the following expression for the diffraction part of the scattering amplitude 


(t) T(i—ia) (t) 


(3.6 


t= kb cos (p— + — ©), 
1, a¢kR. 


For a = 0 this equation described neutron scattering (1} 
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4. Scattering Amplitude in the Electric Field of the Nucleus 


The equation which describes the nuclear surface can be given in the form 


where y* is the cosine of the angle between the symmetry axis of the nucleus and the radius vector. The elects - 


static energy of the proton V(r, w) in the field of the nucleus Is given by the expression 
AV (r, = AV, (r, =0, 


the solutions of which must be joined at the surface of dhe nucleus (4.1). When the shape docs not depart very 
far from sphericity, in joining the solutions it {s conveaient to expand the functions V fn a series in the para- 
meter a(p*). Moreover, in investigating scattezing at small angles, the finite dimensions of the nucleus can be 
neglected. In this case the electrostatic energy of the proton, to a first approximation, has the form 


V(r, 0) 44, (r, ©); 


Vale) = DV Pale’); (4.2) 


Ze*R® 


To calculate the scattcring amplitude in the electric field (4.2) we shall use perturbation theory, taking 
the energy of the multipole Interaction V4(f, w) as the energy perturbation, In the first approximation the scat- 
tering amplitude in the electric field of the nucleus assumes the form 


where the f(r) are the Coulomb wave functions, which describe the scattering of the particle in the field Ze*/t; 
f,.(0) is the ainplitude of die Coulomb scattering (5.4). 


Perturbation theory can be used (4.3) in the case in which the energy of the particle Is considerably greater 


than die Coulomb barrier (kR > a), by applying the fornwula for the scattering amplitude at sinall angles 9 < 


where the Integration fs carried out over the glance (x,y), perpendicular to the direction of the incident beam. 
In the Integral over p an important contribution comes from distances p ~ R. Considering the interaction 
V4 (f, w) as a perturbation, we expand in a series 


From this expression and Equation (4.2) it is easy to show that the conditions for applying perturbation 
theory assume the form aay | of 


. 
: 
4 
4 
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This condition was used in the above In calculating the diffraction-scatteting amplitude (3.6). . 


5S. Elastic Scattering of Protons un Even-Even Nuclet 


In accordance with Equation (2.7) the scattering aimplitude for protons scaizzred by a fixed nucleus is de- 
termined by the sum of the amplitudes for diffraction scattering (3.6) and scattering due to the clectric field 


(4.3). It is easily verified that for ag = 0 (a/b = 1) the expression which Ls obtained coincides with the for- 
mula for the diffraction-scattering amplitude on a black spherical nucleus i}. 


According ¢9 (1.7) the differential cross section for elastic scattering has a ow simple form for 
scattering on even-even nuclei which are in the ground state prior to scattering 


(8) = | {(2, de (8.1) 


In the first perturbation approximation the multipole electric interaction, in accordance with (2.7), (5.1) and 
(4.3), gives no contribution in the cross section for elastic scattering because of the orthogonality of the spher- 
ical functions. In this case the amplitude for elastic scattering 1s made up of the mean value for the diffrac- 
tion part and the amplitude of the Coulomb scattering: 


in which, according to (3.6) 


2/2 


(t) (t) (1 + ic) 
F()= —ia (2 +n + ia) 


= Y t? (») cos? + sin*9, 


J (5.4) 


The conditions under which the obtained formulas can be used, (3.6), are satisfied at proton energies E 2 20 Mev. 


Using Equations (5.1-5.4) the angle distributions have been calculated for protons with energies of 20, 30 
and 50 Mev elastically scattered on Gdif® and U2". In Figures 1~4 are shown curves for the ratio of the cross sec- 
tion for elastic scattering o,(0) to the cross section for Coulomb scattering o¢(0) = | f. (0) |®. The curves have 
been plotted for spherical and nonspherical nuclel (z = a/d equal to 1.0 and 1.3 respectively) and the volumes 
of the spherical and nonspherical nuclei have been assumed equal (zb? R = 1.3- 10°78 cm). As is to 
be expected in the small-angle region there fs Coulonib scattcring; the corresponding angular interval is inde - 
pendent of the deformation paraineter z. In the region of comparatively high angles 0 ~ (kR)"*, the cross sec- 
tion for elastic scattering fs essentially less than for Coulomb scattering and die angle distsibution of the pro- 
tons Is similar to the distribution of neutrons elastically scattered by nonspherical nuclei {1}. Actually, as is ap- 
parent from the figures, in the region of comparadively large angles,diffraction scattering takes place and the 
angle distribution exhibits characteristic maxima and minima, The cross section for elastic scattering in this _ 
region depends in an essential way on the deformation paranwter z, With increasing g the probability for elas- 
de scattering in this angle region Is reduced and de diffraction maxinya and minima become snreared out, For 
example, when z fs Increased from 1.9 wo 1.3 the height of the maxima is reduced by two of three Umes, The 
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Fig. 1. E = 20 Mev, nucleus Gut. Fig. 2. E = 30 Mev, nucleus Gj", 
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Fig. 3. E = 30 Mev, nucleus U3;". Fig. 4. E = 50 Mev, nucleus Ug. 


The ratio of the differential cross section for elastic scattcring of protons o9(0) with an energy E to 
the cross section for Coulomb scattering o¢ (6); the dashed curves apply to a spherical nucleus (z = 


= a/> = 1.0, R21.3-10°8 as cm), the solid curves apply to a nonspherical nucleus of the same 
volume. 


positions of the maxima and minima are virally independent of z. A comparison of Figures 1-4 also shows 
that when the proton encrgy or the nuclear dimensions are increased.the diffraction maxima and miniina are 
displaced toward the small-angle region, 


The author wishes to express his sincere gratitude to B.T. Geilikman who proposed this problem and also 
to K.A, Ter Martirosyan, B.G, Nosov and V.M, Galitsky for a number of valuable discussions. The author is al- 
so indebted to N.M. Trukachev for carrying out the numerical calculations, 
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STATISTICAL THEORY FOR THE ANGLE DISTRIBUTION. - 2 


‘ 


OF FISSION FRAGMENTS 


V.M. Strutinsky 


The angle distribution for fission fragments is considered at high excitation levels; 
in this case the angular momentuni is disuibuted over a large number of nucleons and 
statistical theory can be applied to the nucleus. The distribution of states of the “trans- 
idon” nucleus over values of the quantity K, the projection of the moment of the com- 
pound nucleus along the fission axis, is computed. The most probable state is found to 
be that wisi K = 0, which, in the case of neutron-induced fission leads to the appear- 
ance of maxima in the fragment angle distribution at 0° and 180°. The results are com- 
pared with experiment; the moment of inertia of the “transition” nucleus with respect 
to the synmewy axis is determined (fission direction), The fragment angle distribution 
for fission induced by charged particles and y-rays Is also analyzed. 


In recent years a great deal of work has been devoted to investigations of the anisouopy In the fission- 
fragment angle distribution in fission Induced by protons [1, 2], neutrons (3,4) and y-rays [5-7]. In certain 
cases the angle distribution of the fragments has also been measured, The general charactcristics of the fission- 
fragment angle distribution in fission induced by particles of low energy has been discussed in References (8, 9}. 
In capture of a y-quantum or a nucleon with energies of 1-2 Mev, a compound nucleus is formed with spin ori- 
ented in a certain direction with respect to the particle beam, The fraginent angle distribution Is determined 
by the reladion between the direction of spin of the compound nucleus and the fission direction (line of flight 

of the fragments), that is, for a given total moment the angle distribution is determincd by the quantity K, the 
projection of the tota} moment on the fission direction, At energies close to threshold alinost all the energy of 
the initial excitation of the compound nucleus is transferred at the saddle point in the potential energy of de- 
forination. Hence, in fission close to threshold, at die saddle point there should exist a system of well separated 
levels, each of which is characterized by a definite value of K. The fragment angle distribution Is then deter 
mined by the particular state through which fission occurs (8-10). This iniplies a marked dependence of the an- 


gle distribution on the energy of the incoming particle at energies close to tureshold, It appears that an effect 
of this kind has been observed experimentally (4, 10}.° 


As has been shown by the experimental data, at high encrgies the anisotropy in the ‘ission-fragment an- 
gic distribution in fission tnduced by neutrons increases with Increasing energy, reaching a maximum at 7-10 
Mev and then falling off (Figure 1). At neutron energies above 2 Mev the fissioning nucleus is highly excited 
and the level density In die nucleus becomes large; hence, some other mechanism becomes responsible for 
the angle distribution, It is reasonable to assume that at dils energy the “transition” nucleus can be reasonably 
described in terms of a statistical model, Furthermore, when the kinetic energy of thé incoming neutron ts 
higher than 3-4 Mev, the moimentum iinparted to the nucleus ts large (kR 2 4-5), so thatit can be considercd as 
a classical vector, We shall limit ourselves to the case in which the target nucleus is an even-even nucleus of 
has a spin which is small compared with the orbital moment of the incoming particle. Qualitatively, the role 
of the initial spin is clear: the larger the spin of the target nucleus, the smaller the anisotropy in the angle dis- 
tribution of the fragments; this situation exists because of the poor alignment of Uw spin of the compound nu- 


*This model (the “transition-nucleus” model) is also found to be suitable for explaining a number of other fea- 
tures of fission [11]. 


| 
621 
| 


2 
Neutron energy, Mev 


Fig. 1. Anisotropy in fragment angle distribution as a function of 
neutron energy. 


cleus, 


If the spin of the target nucleus is sinall or zero the moment of the compound nucleus coincides with the 
orbital moment of die neuton and, like the latter, Is oriented in the plane perpendiculer to the neutron beam. 
The symmetry axis of die “transition® nucleus coincides with the fission direction and forms an angle (cos ¢ = 
= K/i) with the direction of the total moment.* Averaging to take account of the rotation of the nuclear axis 

about the spia direcdon and taking an average to account for the direction of the spin in the plane perpendicular 


wo the beam, it is possible to determine the probability for a given orientation of the axis of the “transition” 
nucleus for fixed values of K and i (8; 


i 


where Sis the angle with respect to the neutron beam; f fs the total moment of the system; K Is the projec 


dion on the symmetry axis of the transition nvcleus. This expression must be summed over all possible values 
of Ks 


a(K) 
> V sin? (K/i)* (2) 


The total fission probability from a state characterized by moment I fs 


‘ 
sinddd F,(0)= a(K). (3) 
X=0 


This relation determines the normalization conditions for a(K). It will be assumed that the fission probability 
from a state with spin { is independent of 4, Le., 


elt may be assumed that at high excitadous K fs not a good quantun) number since the quantum-mechanical 
condition for adiabaticity of rotation (the distance between levels inust be large compared with the energy of 
rotation) no longer holds, In the statistical case, however, another criterion applies, naimely,that the energy of 
rotation assigned to one particle be small compared with the mean energy of the particle (12). In this case, 

K being the mean energy of the momentum of tie nucleons with respect to the nuclear axis, characterizes the 
rotation of the nucleus a3 a whole with respect to the axis of symmetry, 


. ‘ 


Wi) = 
K=0@ 


It will be further assumed what the fission proba- 


i ; bility for any value of K fs proportional to the 
~ number of states of the transition nucleus with a 
given value of K. According to statistical theory 
‘ ‘See oO the distribution of K in the transition nucleus will 
have the forin (cf. Appendix I): 


B. 
K)= on on 
Fig. 2. Fission fragment angle distribution N { T } 


(5) 


where Bz is the rotational constant for rotation 
about the axis of symmetry (Bz = N/2Jz, where 
Jz is the component of the moment of inertia 
with respect to the syminctry axis); T is the ef- 
fective temperature of the *transition” nucleus 
_ and N(i) is a normalization factor which is deter- 
l mined by Equation (3). Replacing the summation 
over K in Equation (2) by integration, we find: 


ai* 
lai? sin? 
7, (3! sin? ® 
1 — 2 — 
20 0 0 50 DH 

Fig. 3. Fission fragment angle distributions in U>* where Ig is a Bessel function of imaginary argu- 
and Th™, 1) Curve for U™*, E, = 7.26 Mev, Xx» = ment. The complete angle distribution is obtained 
= 2,2(2.0); Ll) Curve for Th’™, £,, = 7.15 Mev, x» = by Integrating over all moment's which appear in 


= 5.7(4.8). the reaction 


{mat 
F(0) = F,(0)idi, (7) 


where idi fs the probability for capture of a neutron with moment {; kR ds the maxinrum moment as- 
signed to to a neutron where R fs the radius of the target nucleus; and k As the wave vector of the neutron, For 


charged particles Inj3x kR Vi = V/E, where V the encrgy of the Coulomb barrier and £ is the encrgy of 
the particle. 


The Integral in (7) cannot be computed in general form if the normalization condition in (4)! is used. For 
simplicity we shall assume that N(i) = 4 which, strictly speaking, fs only wuc at sinall values of ai, However, 
it can be shown that the replacement of the exact normalization condition on a(K) by the approximation results 
only in a reduction in the contribution at large values of i in the integral in (7); in practice, this effect is not 
reflected In the angle distribution since it causes only a certain reduction in the parameter xg = a(kR)}’ of the 
corresponding anisotropy. Using the approximate normalization condition N(i) = |, the integral in (7) is easily 


F()=f() =oxp 


| 
| coniputed: | 


wher x = x, sin® 9. The angle distribution (8) is normalized w unity at 8 = 0°. A graph of the function f(x) 
is twwn io Figure 2. 


The angle distribution (8) is symmetric with respect to $ = 90° and has maxima at 0° and 180°, The pres- 
ence of the mavinia in the angle distribution at 9 = O° and 180" {s a result of the fact that the distribution a(K) 
has a maximum at K = 0 (8, 9} 


In Figure 3 {s shown the angle distribudons for fission fragments in u™ and Th™ induced -y neutrons wit 
enetgies of 7.26 and 7.15 Mev respectively. The experimental points pertain to the measurements by Henkel 
ar! Brolley [4]. The curves have been plotted from the formula given in (8). The parameter xg was detcrmined 
F( 

F (90°) 
for Figure 3. The values of xy, obtained with the normalization of a(K) in accordance with Equation (4) are 
shown in brackets, For \g = 2.0, a is 0.08.° For T = 0.5 Mev the rotational constant Bz fs found to be approx- 
imately 40 kev, which is approximately cight times greater than the value for the moment of inertia of a solid 


body: 


frovn the experimental valuc of the anisotropy Ag(Eq) = . These values of xX» are shown in the caption 


2Izsolbody ~ 5 kev). 


This discrepancy is not to be taken seriously since the moment of inertia shoyld coincide with that of a solid 
body only at very high degrees of excitation. Since, in point of fact, the excitation exergy Is not very high, 

the moment of inertia can be considerably smaller than Jso} body. particularly if the “transition” nucleus has 

2 suucture which approximates that of a “magic® nucleus (a sinall number of nucleons outside of closed shells). 
Frome this point of view itis also possible to explain qualitatively the difference in the magnitude of the aniso- 
trozy in uranium and thorium and also the difference in the energy dependence of the anisotropy in these nuclei; 
this effect is especially noticeable close to the fission bartiers, 


In the statistical node! the dependence of the fragment anisotropy on the energy of the incoming particle 
is termined by the encryy dependence of dic paraincter Xp. The increase in anisotropy with cnergy, which fs 
ob.crved up to neutron energies of approximatcly 10 Mev, is connected with the increased moment which is 
imported to the nuckus in particle capture, The reduction in the anisotropy at higher energies may be related 
to the Increased moment of inertia of de “transition” nucleus, Furthermore, at these encrgics emissive fission 
beerwnes possible (dat is, fission after the emission of a neutron); fission duc to inclastic scattering of neutrons 
can alwocamw, At nucleon cnergies above 50-60 Mev the nucleus becoincs “black.” At these cnergics the on- 
set of nuclear cascade process occur; In these processes a considerable part of the energy and momentuin is 
carricd away by one or several “fast” nucleons, Furthcrinore, the probability for emissive fission becomes high- 
er. It is clear that in this case the fragment angle distribution will be more fsotropic than In the “black-nu- 
cleus” case. If, as a sesult of a nuckar cascade process, a momentumin the direction of the incoming particls 
{s imparted to the nucicus, the fragment angle distribution will exhibit 3 maximum at 9 = 9°, The feagincut 
ang distribution in fission induced by high-energy protons has been investigated in References (13, 14}. 


In addition to the “transition-nucleus” model, there is another possible interpretation of the fraginent 
ang*: distribution, It may be assumed that the anisotropy is related to the spin dependence of the fragment 
ke ve} density. In fact, a simple statistical analysis indicates that the level density of the nucleus falls off with 
increasing spin. Hence, the formation of fragments with small spins Is nore probable in fission. The orbital 
more nt of the fragments l= 1-38, where 8 = Jy + fo, Jy and J, are the spins of tie fragments, will be oriented 
preferentially along the spin of the compound nucleus, This leads to a corresponding angular anisotropy of the 
fragments. In this case the angle distelbution of dic fragments Is still described by Equation (8) (cf. Appendix 
II) with the sole difference that, in place of the moment of inertia of the “transidion” nucleus in the parameter 
Xp we have the moment of inertia of the fragments with respect to the line which connects theta: Itrag = a+ 
+k; also, in place of the temperature of the “transition” nucleus we have the fragment temperature, Since 
Gre temperature of the fragnents is approximately equal to 1,0-1.2 Mev, to obtain the experimental valuc of 
the anisotropy it is assumed that in U™, Jy + Jy is 13-15 times smaller than the sum of the solid-body moments 
of incerta of the fragments, Furthermore, considering only the statistical distribution for the fragments it is ob- 


*This value may be somewhat high since the value of xg depends on the choice of f,)3, and the function W (1). 


‘ 
& 
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viously impossible to e~plain the significant difference in the magnitude of the angular anisotropy In uranium 
_., ° and thorium and the nonmonotonic dependence of the anisotropy on neutron energy close to the fission threshold. 
ar On the other hand, it is doubtful that the experimentally observed connection between the anisotropy and fission 
- + asymmetry (1, 2, 6,7] can be explained, considering only the state close to the saddle point. As has been shown 
by Fong [15], the internal structure of the fragments plays an important role; in asymmeuic fission the frag- 
~ ments He closer to the inagic numbers and this may lead to a preference for asyimmewic fission. The higher 
anisotropy in asymmetric fission could also be explained by the smaller magnitude of the moments of inertia 
in nuclei which are almost magic, From this point of view the reduction in the anisotropy at neutron energies 
above 10 Mev may be related to the increased contribution due to symmetric fission, 


The case of photofission is different in that 3 small moment is transferred to the nucleus. For dipole 
quanta and even-even target nuclei the fragment angle distribution is given by the formula [9] 


xK=0,21 


where phx is the matrix of the irreducible representation of the rotation group — 


[Dift= Fsint0, [Dias P= 4 


It fs reasonable to suppose that the parameter @ in Equation (5) is determined primarily by the excitation en- 
ergy and is independent of the nature of the incoming particle. For photons with energies ranging from 10 to 
15 Mev, which correspond to neutrons with energies from 5 to 10 Mev, a = 0.1. The anisotropy in the angle 
F(9 

distribution in dhis case is found to be Ay = F (0) 
ably larger anisouopy; however, in vicw of the fact that y-rays with a continuous spectrum are used, the high 
anisotropy may be due to fission induced by low-energy quanta. This view is supported by the experiments of 
Winhold and Halpern (7) which indicate diat the anisotropy in the fragment angle distribution in photofission is 
due to photons with energies. which do not exceed threshold by more than 2-3 Mev. 


1,05, Experimentally, one usually observes a consider- 


The author wishes to express his gratitude to B.T. Gelikman for a discussion of the work and valuable 
commens. 


APPENDIX 


1, Equation (5), which gives the distribution of K, can be obtained directly on the basis of the stadstical 
model of the nucleus, We consider = nucleon gas in an axially symmeutc field. In such a field the projection 
of the moment on the symmetry axis Is an integral of the motion, The average value is 


where g(¢, K) Is the number of states with given K in the energy interval de and f(¢,.K) Is the filling function. 
For free Fermi particles 


where is tie Fermi energy; T is the temperawure;and y/f is the angular velocity. 


Expanding f(¢, K) In a series In y, we find (with an accuracy to order and Ero, /AE,): K= 
where 


: 

= 
| 
. 


+o 


The monicnt of inertia can be written in a somewhat different form 


(11a). 


co 
and K*=D, K7g (24, K) dA is the mean value of K® for these states, 
| Noting furtier, that st » we find the entropy of the system S => S, — re where Sg is inde- 
oK T 


pendent of K.* The distribution of K is determined by the forinula 


Atk? 
a(K)~expS ({) ~ cxp —prf- 


For an ideal Fermi gas,Equation (11) gives a value for the moment of inertia which corresponds to the 
solid-body value; In this case, K? oe a (2m£,b*), where b is the minor semiaxis of the nucleus. However, in 


the derivation of this exprcssion, In addition to assuming the quasi-classical modon of the nucleons, it has also 
becn asumed that it is valid to replace the sunmation over states by an integration over energy. For this as- 
sumption to hold, the temperature inust be large compared with the distance between the lower levels of the 
aucieus, In actual nuclei, for excitations ¢ 10-20 Mev,these quantities are apparently of the same order of 
magnitude and the quantum numbers are small so that one would expect a considerable deviation in Jz from 
the solid-body value. at such excitations. It is also clear that this departure froin the Jz 50} body value should 
increase with Increasing proximity to nuclei with closed shells. The Interaction between nuckons can also 
lead to a departure in the moment of inertia from the value Jz sol body: Equation (11a) reflects the dependence 


of J, on Dg and the structure of the first levels in a qualitauve fashion. Hence, sinaller values of K* correspond 
to smaller values of the moment of inertia. 


2. The density of fragment states with a given value of the total spins = §, + § is 
p(s)= [ps (is) — conse 


where p(j) is the density of levels in a fragment with spin j. On the statistical theory p(j) fs given by the ex- 
pression p(j) = pyexp( —arj*), where a = n°/2)T; J is the moment of inertia;and T fs the temperature of the 
frag‘nent (it is assumed that J >> 1). 


Aftcr integration over J, and J, we have 


Att 


The distribution of the projection of the vector s along the fission-flight direction in conjunction with the dis- 
uibution of the projection of { in this direction (K) gives the fornwula (the projection of the orbital mo:nent in 


*This method was used by Bethe [16] for deriving the statistical expression for the leve) density associated with 
a given momentuin., 


where [ \ 4) | is the inean distance between the nuclear kvels close to the ground state 
a 
: 626 


the fragment-flight direction fs zero). 


: 


This expression colucides with the distribution given In (5); hence, on the basis of a calculation similar to that 
presented above we obtain Equation (8) in which Jz = J, + J, and T is de temperature of the fragments. For 
zero spin of the target nucleus of the fragment-angle distribution can be written in the form (9) 


K=0 


The function in (1) fs an analog of the quantum-mechanical distribution | ¥; ,|*, where Yj, x is the spherical 
harmonic. Hence, the use of Equation (2) is not connected with the particular fission model. Equation (8) can 
also oe obtained in another way by considering directly the angle distribution of particles with orbital moments 
distributed In accordance with Equation (12), taking s = 1-L , 
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RESONANCE SCATTERING OF y-RAYS IN Mg** 


N.A. Burgov and Yu.V. Terekhov 


Resonance scattering of y -rays with energics Ey, = 1.38 Mev,.corresponding to 

the mansition to the ground state In Mg”, have been observed in metallic magnesium, 
The energy given off by the y-ray (Ey, - 1.38 Mev) in emission and collision with 
the nucleus, is compensated for by the energy obtained due to recoil associated with 

+ the emission of the preceding y-ray with an energy Ey, = 2.76 Mev. Using a fast co- 
incidence method and amplitude discrimination, coincidences were recorde~ octween 
the y-rays with energies Ey, -~ 1.38 Mev and Ey, =- 2.76 Mev. Scatterers of magne - 
sium and aluininuin were alternately placed in the path of the 1.38 Mev y-rays. The 
sourcs was tadioactive Na™ in a water solution of NaOH. At an angle of 120° between 
the y-tays a strong attenuation of the 1.38 Mev y-tays was observed; this is attributed 
to resonance scattering. When the angle betwcen the y -rays was varied by 5S”, the 


strong attenuation of the flux disappeared. The width of the level at 1.38 Mev in Mg” 
has been estimated at F > 1.6-10~ Mev. 


INTRODUCTION 


Resonant fluorescence radiation is a well-kncwn process in atomic physics, The analogous process — 


resonance scattering on nuclel — should exist and should be observed in the emission of y-tays by excited nu- 
clei, 


The cross section for resonance scattering can be given as fol- 
lows [1 


Eg Mev 
Me 


138 Mev— 


where Ey Is the encrgy of the y-tays; Ey is tite energy of the level 
E0838 Mev at which scattering Is observed; % is the wave length of the y-rays; 
‘Mas jis the moment associated with the excited level; i is the moment 
; ig” of the ground state of the nucleus; and I is the natural width of the 
Fig. 1. Decay scheme for Na™, 


If the cross section at resonance Is designated by 


= jut (2) 


for nuctel the levels of which have monwuts characterized by j = 2 and § = 0, we have 


(3) 


| 
r\2 
q = 3 


where Ey fs expressed in Mev. 


The observation of resonance scattering of y-cays on nuclef ts made difficult by the fact that in emission 
and scattering of y-rays by a given nucleus part of the energy goes into recoil of the nucleus and the y-rays 
are absorbed at energics smaller than that required for excitation of the same nucleus to its first level E,. 


As has been shown In Reference [2] this energy decrement is 
E! 
AE, = £E,-—E£,= — (4) 


where M is the mass of the nucleus and ¢ {is the velocity of light. In nuclei the quantity AEy is of the order of 
several electron volts, 


According to an estimate given by Weisskopf [3] the first nuclear levels are characterized by a width F 
of the order 107-10 S ev. It is clear from these considerations that the cross section for resonance scattering 
of y-tays on nucle, as calculated from Equation (1),is very small. For the nucleus Na™, which decays accord- 
ing to the scheme shown In Figure 1, this cross section iso ~ 10 cm*, With this small value of the cross sec- 


tion it is difficult to detect the effect in question against the background of Compton scattering. 


To obtain a noticeable effect in resonance scattering it is necessary to somehow compensate for the low 
energy of the y-tays, corresponding to the cransition to the ground state; this effect can be achieved by using 
the Doppler shift to cause an encrgy change. 


Description of the Experimental Method and the Apparatus 


In the nucleus Na™ and 3 iiumber of other nuclei which emit electrons and cascade y-rays, the small 
energy can be compensated by the energy acquired due to reccil of the y-rays and electrons which are emitted 
prior to the event in question, ‘ 


We neglect the recoil due to the emission of the electron and neutron in B-decay and assume that the 
resulting nucleus Is found atest. We assume further that it emits cascade y-tays. As a result of the emission 
of a y-ray with an encrgy Ey,, corresponding to the transition to the first-excited level, the hucieus acquires a . 
velocity y. If the axis Ox Is taken in the direction of the emission of the subsequent y-ray, which is charac 
terized by an energy Ey,, corresponding to the transition to the ground state (cf. Figure 1) and vy fs the com- 
ponent of the nuclear velocity along the Ox-axis, then 


0, = cose (5) 
and 
448 


V 
where B and'E® are the energies of the y-rays emitted by the nucle at rest; Ey, ts the energy of the y-ray 
emitted by the moving nucleus; y Is the angle between the emitted cascade y-tays. If we require that the 
energy E. be exactly equal to the energy E, required for the excitation of the nucleus to its first level, follow- 


ing several elementary manipulations of Equations (5) and (6), we obtain the compensation condition for the 
cascade y-rays, 


BX 


In the case of Na™-decay.E% = 1,38 Mev, Bs = 2,76 Mev and y, = 120° 


Thus, to compensate for the Inadequate onergy the recoil due to the emission of the preceding y-quantum 
must sauisfy the following: a) the energy of the preceding y-quantum must be larger than the energy of the y- 


. 
\ 
f 
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quantum which characterizes the transition to the ground ate (b) the —* between the emitted y -rays must 
correspond to the compomation condition given in (7). 


If the recoil due to the emission of the electron Is included, the compensation condition can be written 
in the form 


(8) 


where a is the angle between the direction of am of the electron and the y-ray; (Pg)max fs the momenum 
of the maximum-energy electron. 
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Fig. 2, Block diagram of the apparatus: S) y-ray source; B, and B,) lead collimators; Cy and C,) 
toluene crystals; PEM) PEM-19M photomultiplier; CF) cathode followers, 


In the work being reported here an Investigation was made of the resonance somnning of y-rays with en- 
ergies Ey, = 1.38 Mev, emitted by the excited level of Mg™ after B-decay of Na™, 


A il diagram of the apparatus is shown in Figure 2. On a rotating table were set two lead collimators 
with y-tay detectors consisting of a PEM-19M photomultiplicr with a toluene crystal, 


_ ‘The y-tay source was radioactive Na™ In a NaOH solution in water, deposited in a quartz ampoule of 
cylindrical shape 10 mm in diameter and 70 mm high. 


Coincidences between y -tays emitted from the source with an angle g between the lines of flight were 
recorded, One of the collimators and its detector could be moved about the axis of the source, thereby chang- 
ing the angle ¢. 


The pulse from each detector was fed to a “fast” coincidence circuit with a resolving time of 5- 10 sec 
and also to a single-channel pulse -height analyzer which was adjusted to the energy of the Compton peak of 
the corresponding y-quantum, From the analyzer and the “fast” coincidence circult,the pulses were fed to a 
“slow” tiple -coincidence circuit with a resolving time of 10° sec; the coincidences were then fed to a counter, 


in the path of the counter which recorded the ytays with energies Ey, = 1.38 Mev, emitted In the trans- 
ition to the ground state of a nucleus, there was placed a scatterer composed of the same nuclei as those enilt~ 


ting the y-rays, that is, magnesium, When the compensation condition (7) fs fulfilled there should be observed 
an increase In the ejection or scattering of y-tays from the beam due to resonance scattering In the magnesium 
sainple, Ina scatterer with other nuclei (for instance aluminum) the resonance scattering should not occur. 

The length of the magnesium scatterer was 60 mm, The length of the aluminum scatterer was chosen so as to 
make the counting rate (in the region of angle in which there was no resonance scattering) the same in both 
Cases, 


The necd for the collimators was dictated by the fact that the angle interval between the y-rays, in 
which one can hope to observe the effect, is small (of the order of 1-3°, as will be shown later). ‘Because of 
the geometric requireinents, the detectors (toluene crystals) were natrow partal'e lopipeds with 7 dimensions 
60 x 10 x 30 mm’, 


We now anatyze In greater detail the angle problem, Because of the thermal motion of the nuclei in 
the radiator as well as in the scatterer, the mean effective cross section for resonance scattering can be written 
in the form 


z), 


(9) 
where the function ¥(€, x), which gives the shape of the line, is determined as in Reference (45 
B,—E£, 


r 


The Doppler width of the line 4 is given by the expression 


z= 


where T, Is the absolute temperature of the source; fs the absolute temperature of the absorber; and k fs the 
Boltzmann constant. 


It is easily shown that A » [; hence, the cross section assumes the form 


ome -exp [ om 


The energy of the y-tays, Ey,, depends on the angle y as follows: 
At the same time, From Equation (4) we have 


E,= Ey, Et (13) 


Thus, as a function of the angle y between the y-rays, the cross section for resonance scattering is given 


by 


ona x exp[ cosp — (14) 


When the compensation conditions given in (7) are satisfied the cross section is a maximum and Is equal 
to 


| 
| 
| 
. 
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af we denote by = — the of the flight angle of the y-tays from the angle cone sponding 
to tas alee nee condition and assunw that this departure fs small, we have 


The angular width of the line by ont the cross section for resonance scattering o are determined by the 
expressions: 
4 Me 
BX, Bissing; Fn an 
~ [ ° (18) 


For Mg™, Ay = 1° 8°. Using the estimate given by Weisskupf for F, we obtain, for TT 
Omax = 0,66 


EXPERIMENTAL RESULTS 


Measurements were made of the ratio Ay, the number of coincidences with the magnesium scatterer in- 


 serted Nog to the number of coincidences with the aluminum scatterer inserted Nay at the angles y shown in 
the table. 


In the table are shown the mearmsquare er- 
rors, The mean counting rate for coincidences 
was 15 counts per minut, 


In Figure 3 are shown the results obtained by 
adjusting for aluminuin and magnesium scatterers 


a, of the same weight. The minimum in the curve 
Tn { | | _ Corresponds to the maximum due to resonance 
100 scattering of y-rays at 1.38 Mtv. 
| iN: To determine the ratio of the number of 
on” —\ true coincidences to the number of accidental co 
\ / incidences a length of coaxial cable was inserted 
asg in one of the channels; this arrangement produced 
a delay which was considerably greater than the re 
ov solving time of the coincidence circuit, Using 
MW these measurements the mean ratio of the number 
0% of true coincidences to the number of accidental 
gc" n9"" 125° 5° colncidences (with the saniple Inserted) was ob- 


Nerve 
= 0.874 0.02, (19) 


As a check contol experiments were under- 
taken in which the scatwring of the 2.76 Mev y- 
tays in magnesium and aluminum scatterers were 

Fig. 3. Curve showing resonance scattering of y-tays measured, A determination was made of the ratio 

in Mg” : of the number of coincidences with the magnesium 

scatterer to the numbur of coincidences with the 


| 
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| 
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aluninum scatterer at 90° and 120°, In both cases this quantity was found to be Ay = 1.01 4 0.01. A reduction 
corresponding to resonance scattering was not observed. To check on the operation of the apparatus from time 
to time correlation curves were run for Ni™ and Mg**. tn both cases the form of the correlation curves within 
the Limits of the experimental errur corresponded to those which had been calculated theoretically. 


Analysis of the Experimental Results. Conclusions 


If we denow the experimentally determined transniission of the magnesium sample and the aluminum 
sample by 
Nw Na 
where N is the number of coincidences without the scatterer, then = TMg, a "Tug Tal = TAI, a 
where T, is the transmission of the sarnple for normal scattering and pe of the Cray and Tr is the 
transmission of the sample for resonance scattering of y -rays. 


In view of the fact that experimentally one measures both the truc and random coincidences, 


where Ng fs the number of decay events in the source per unit volume and r fs the resolving time of the coin- 
cidence circuit. 


1 
Naccident 


However, 


Tae Mas Wa, OO) 


and from (21) we obtain the transmission of the magnesium sample for resonance scattering, 


Tyg, (120°) = 0,934 + 0,017. (23) 


Since the angle Interval selected by the apparatus is Jarger than the angular width of the line Ay, in the 
experiment we actually average the tansinission and the experimental quanuty does not correspond to the 
magnitude of the cross section calculated from Equation (15). The calculation of the geometric corrections fs 
given in the Appendix, 


The experimentally observed transinission is close to unity and its value can be given in the form 


Tyug.r= 1 — rdug, (24) 
where Oyig , is the cross section for resonance scattering averaged over solid angle; ng fs the number of 
Mg” nuclei pet unit volume of the scatterer;and dyyg is the thickness of the magnesium scatterer, 


From Equation (24) and Equation (III) of the Appendix we can obtain the cross section for resonance scat- 
tering at the maximum 


= = (0,61 + barns (25) 


The assumptions taken as a basis for deriving Equation (15) are not completely fulfilled in the case being 
considered. Hence, the value ona cannot be used without reservations in calculating the width of the level) 
Fr at 1.38 Mev in Mg™, Actually, we assume: a) there is no recoll due to B-decay;and b) free motion of the 
recoil nucleus after the emission of the 2,76 Mev y-tay. | 


Taking into acc7unt the recoil due to B-decay causes the sharp maximum In the cross section for reson- 


‘ 


- 


ance scattering to become smeared. Furthermore, the motion of the recoil nucleus in a quid ¢ can certainly 
not be taken as free. - 2 


Thus, ‘the observed cross section for resonance scattering is due to nuclef which a) successfully lose the 
recoil obtained by B-decay during the lifetime of the level at 4.4 Mev (or else this recoil is small),and 6b) do 
not change the direction of motion during the lifetime of the level at 1.38 Mev in Mg™. : 


“+> Since the recoil due to 8-decay and slowing-down of the nucleus can only diminish the effect, using the 


value of opax Which has beew obtained and Equation (15) it is possible only to set a lower limit on the width 
of the level oe 


I" > 1,6-107* ev 


APPENDIX 


Calculation of the Geometric Corrections 


The dependence of the cross section for resonance scattering on the angle between the y-rays is given by 
Equation (18). We average the ee cross section over solid angle and calculate this quantity for a point 
at the center of the sourcs 


where wy and wy are the solid angles subtended by the detectors at the first and second collimators by a point 
at the center of the source. We introduce a coordinate system with origin at the center of the source and Oz 
axis directed perpendicularly to the plane containing the motion of the y-quanta, Let a, and ag be the angular 
half widths of the slits in the plane xy; by and by.the angular half widths of the slic in the direction Oz; ay, 
tg, By, Bg are the corresponding valucs of the solid angles calculated from the axes of the first and second 
counters, 


Since all angles are small and 


= 
dQ, = da,-d3,; 


It is obvious that (to an accuracy including second-order terms) the angle y, in these variables is 


The integral I in (II) can be calculated numerically, 
In the present case a, = ag = 0,025; by = by = 0.13 and the integral I = 0.55. Whence 


ous, 70,5 


we have © | 

ds 
“max 
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FORMATION OF POROSITY IN URANIUM UNDER THE 
ACTION OF THERMAL CYCLING 


A.A. Bochvar and G.I. Tomson 


In accelerated thermal cycling with a cycle of 50 sec period, considerable changes 
appear in uranium after 50-1000 cycles, depending upon the temperature range of the 
cycle, Cycling in the temperature range of the a-phase (with heating up to between 550 
and 600°C) produces in textured uranium (containing about 0,1% carbon) a directional 
deformation and porosity, accoinpanied by a drop in density. After 5000 cycles, the 
drop in density amounts to 8%, Thermal cycling with a < B = y-transformadons pro- 
duces a pronounced distortion of the original shape of uranium specimens and intense 
porosity formation, with a considerable drop in density, which attains 30% after 1000 
cycles, 


In connection with the problem of heat resistance and developments in nuclear engincering, increasing 
importance attaches to the study of the behavior of metals under the action of thermal cycling. 


It ts known that uranium, possessing well pronounced anisotropy of its physicomechanical properties, under 
gocs dimensional and structural changes when subjected to repeated heating and cooling [1,2]. The character 
and magnitude of these changes depend upon the preparation of the specimen, In addition, the magnitude of 
the changes fs influenced by the parameters of thermal cycling: upper and lower temperaturvs of the cycle, 
rate of heating and cooling, ime of exposure to the upper temperature and also the number of cyckcs, 


In the present work, an Investigation was made of the behavior of uranium on thermal cycling with a 


period of 50 sec.in the temperature range of the a-phase and also in the temperature range comprising the 


Brief Description of Method of Thermal Cycling 


The speciinens were heated by the induction method using a high-frequency apparatus with tube genera- 
tor. For producing the thermal cycles, the grid circuit of the generator tube included a relay which closed and 
Opened the circuit after predetcrmined time Intervals, For all the specimens, heating was continued for 32 sec 


and cooling for 18 sec, without delays at the upper and lower cycle temperatures, The number of cycles was 
recorded by a mechanical counter, 


In view of the high chemical activity of uraniuin at elevated temperatures, the specimens were usually 
scaled in quartz ampoules in a vacuum of the order of 1° 10 mmm Hg. 


In some cascs of dermal cycling in the temperature range of the a-phase, which will be discussed sepa- 
tately, the ampoules containing the specimens were filled with helium at a pressure of 1.3 atmos, All other 
experimental conditions remaining the same, the use of helium, due to the high thermal conductivity of the 


latter, had the effect of reducing the lower temperature of the cycle and altering the rates of hcating and cool- 
ing of the specimens, . 


In thermal cycling In the a-phase range, the specimens wore heated to 550-600°C, and the ampoules 


with the specimens cooled in running water; in cycling with phase transformations, the specimens were heated 
to 800°C and the ampoules with the specimens were cooled in air, 


‘ 


Thermal Cycling of Uranium in the Temperature Range of the a-Phase 


The specimens in the form of cylinders of diameter 4-5 mm and length 4-5 mm were machined froin 
rod extruded at 650°C with a compression of 90%, the direction of the longitudinal axis of the specimens coin- 
ciding with the extrusion direction, The uranium contained about 0,1% carbon, 


Change in Dimensions of Uranium Specimens on Thermal Cycling in the a-Phase Range 


Length of specimen _Diameter of specimen 
change in lengtt inal | finaldi- | change in dia-! 
Original {final length ameter No. of | Duration 
speci- ength td = 400 | Cycles test, 
* 
{ 4.02 4 26 60 4.11 4.02 —2 20 3.5 
2 4.03 4.58 18.5 4.11 3.9 —44 300 7.0 
3 4 4.89 22.0 4.11 3.86 —6.1 1000 14.0 
4 4.07 5.30 31.0 4.06 3.77 —TA 2000 28.0 
Remarks: 1, Conuitions of thermal cycling: heating to 550-600°C — 32 sec; cooling - 18 sec. 2, The 


changes in dimensions shown cannot be used for calculating the density because a high value would be ob- 
tained for the volume, due to the roughness of the specimens, 


5 | Fig. 2. External appearance of uranium specimens with 
. preferred orientation before and after thermal cycling 
10 in the a-phase range (x2). a) Specimen not subjected 
S- to thermal cycling; b,c,d,e) specimens after 250, 500, 
1000 and 2000 cycles, respectively, 
500 1000 1500 
1904 
aa, Number of cycles, n | 
Fig. 1. Influence of number of cycles on change in 2 a2: 
length (Al%) and diameter (4d%) of uranium specl- 
mens having a preferred orientation, a 178 
& 
man. Number of cycles, n 
a 
: Fig. 4. Influence of number of cycles on density of 
} ; uranium specimen during thermal cycling in helium in 
the range 100-500°C, The interruption at 2500 cycles 


is due to the removal of a friable surface layer from 


Fig. 3, External appearance of uranium specimen the specimen in the preparation of the polished section, 


with preferred orientation (a) before and (b) after 
5000 thermal cycles in helium in the range 100- 
550°C (x 4,5), 
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Fig. 5. Formation of porosity in uranium on thermal cycling in helium in the rane 100-550°C; 
a) pores after 1000 cycles (x70); b) pores after 1000 cycles, etched specimen (x115); c) pores and 
microscopic cracks after 5000 cycles (x115); d) microscopic cracks after 5090 cycles (x 600), 


The dimensions of the specimens changed on thermal cycling. 


The experimental results are shown In the table and Figure 1 shows graphically the dependence of the 
change in dimensions of the spscimens upon the number of cycles, 


Figure 2 shows the external appearance of the specimens before and after thermal cycling. 


As will be seen from the data given, on thermal cycling in the atove-mentioned conditions, considerable 
deformation occurs in uranium specimens in the direction of th: previous working of the metal, this deforma- 


don attaining +31% after 2000 cycles (28 hours), In addition, a reduction in density on cycling was observed; 
after 2000 cycles, this reduction was 0.5%, e 


In the case of specimens which were in a kelium atmosphere during thermal cycling, some distortion of 


c 
; 639 


the geometrical shape was observed in addition to the “growth” (Figure 3), this distortion increasing with the 
number of cycles; the drop in density was also greater (Figure 4), Thus, after 2000- _— the reduction in 
density was already 3% and after 5000 cycles it was 8% 


When these specimens were examined metallogra phically, pores aol microscopic cracks were seen 


Thermal Cycling of Uranium with a =8+y-Transformations 


The specimens in the form of cylinders of diameter 5 mm and length 5 mm were machined from rod ex- 
truded in the y-phase range and oil-quenched, The uranium contained about 0.1% carbon. 


a a 
? 
= 


. 
— 
ee 
. 
. 


wth ws 


Fig. 6, External appearance of uranium specimens before and after thermal cy° 
cling with a + & = y-transformations (x2.4): a) specimen not subjected to 
thermal cycling; b,c, d,e, f) specimens after 50, 100, 187, 250 and 1000 cycles, 
respectively, 


The number of cycles varied from 50 to 1000, 


Considerable distortion of the original shape of the specimens occurred on thermal cycling. Figure 6 
shows the external appearance of uranium specimens after various numbers of cycles, At the same dme as the 
distortion of the shape, porosity formation was observed accompanied by a reduction in density. The photomi- 
crographs (Figure 7) illustrate the formation and development Of pores. It is clear from these figures that an In- 
crease in the number of cycles is accompanied by an increase in the are occupied by the pores. In addition, 
there is a change in shape of the pores; after 50 cycles, the cross section “f the pores in the plane of the pol- 
ished section is circular; after 250 cycles itis elliptical, It is characterist.:: that the pores are deformed in the 
direction of growth” of the specimen, This is well seen in Figure 8 showing at low magnification the distrib- 
ution of the pores in a specimen after 250 cycles, 


Figure 9 shows plots characterizing the process of formation and development of porosity in uranium on 
thermal cycling with phase transformations. The curves were constructed from the data of a distribution series 


obtained by the method of quantitative metallography (3}. The measurements were made on mechanically 
polished specimens, 


The number of pores per unit area of polished section N° was determined by means of the formuls 


where p is the number of fie lds of view; 2, is the total number of pores counted in the fields of view and 
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Fig. 7, Formation of porosity in uranium on thermal cycling with a * 8 + y-tansformations, 
Unetched specimens; a) starting condition of specimen (x200); b,c, d,c) specimens after 50, 
100, 250 and 1000 cycles, respectively (x86), 
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STITT TT eS dp is the diameter of a field of view in mm, 


The area of the pores per unit area of polshed * Moe 
section, f.e., the relative area of the pores S’, was 
determined in a similar manners 


where 2S, {s the total area of the pores counted 


Fig. 8. Distribution of pores in surface of polished in the fields of view in min*, 
specimen of uraniuin after 250 cycles with a = 
= 8 = y-tansformations, specimen elecuolyd- 
cally polished (x19), 


The statistical curves of Figures 9 and 10 were 
constructed on the basis of p = 25 for dp = 0.5 min, 


Figure 10 shows the change in density of spe- 

cimens on thermal cycling (the curve was constructed 
on the basis of data obtained by hydrostatic weighing). The plot also shows a curve characterizing the depend- 
ence of the volume of the pores formed upon the number of cycles; in constructing this curve, it was condition- 
ally assumed that the dirnension of a pore in a direction perpendicular to the surface of the polished section 
was equal to the observed width of the pore. As will be seen in Figure 10, the statistical data correspond to the 
data obtained by direct measurement of the density, and characterize in an identical manner the process of 
porosity formation in uranium on thermal cycling. 


E 
$ 100 
; 3 
= 254 £25) 3 3+ 
R 204 = 7 aS 
204 reas E 832 
2 5513s 
Number of cycles, n 
Fig. 9. Influence of number of cycles on porosity of Fig. 10. Influcnce of number of cycles on density and 
uranium specimen on thermal cycling with a + porosity of uranium specimen on thermal cycling with 
= B = y-transformations, a = 8 = y-transformations, 


The reduction {n the number of pores with increase in number of cycles (Figure 9), accompanidd by a 
continued diminution in density (Figure 10), may be duc to coalescence of the pores during thermal cycling. 


SUMMARY 


Substantial changes occur in uranium during rapid, repeated temperature changes in the a -phase region, 
In textured uranium, these changes which are characterized by a directional deformation and porosity forma- 
ton with corresponding reduction in density, appear after 250-1000 cycles, corresponding to 3.5-14 hours there 
mal cycling. 


Cycling with two-piase transformations produces pronounced distortion of the shapy of uranium spycimens, 


-Ss 


In this case, porosity formation, accompanied by a drop in density, {s far nore intensive than in the case of 
thermal cycling in the a-phase temperature range. 
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EXPERIMENTAL INVESTIGATION OF INJECTION EFFICIENCY 
IN A BETATRON ; 


V.N. Logunov, E.P, Ovchinnikov and V.D. Rusanov 


Experiments are described which have been carried outon the synchrotron of the 
Institute of Physics Acad. Sci. USSR (30 Mev clectrons) for the purpose of investigating 
the physical effects involved in electron trapping in betatron acceleration. A detailed 
study was made of the effects on injection efficiency arising as a result of variable mag- 
netic and electric ficlds which were artificlally produced inside the acceleration cham- 
ber at the instant of time cortesponding to electron injection. It is shown that both the 
auxiliary magnetic field, the effect of which on the particle may be compared with the 
effect of a rotational electric field (Kerst hypothesis), as well as the field of the “ard- 
ficial” space charge can have a strong effect on the y-tadiation intensity only at small 
emission currents, However, qualitative estimates show that the effect of induction 
contraction, in accordance with the Kerst hypothesis, must be sinall compared with the 
Coulomb interacuon In normal betauon operation, It is also shown that, in general, ar- 
dficial methods such as these are ineffective in increasing intensity. It is suggested 
that only methods which allow a considcrable change in the stabilizing forces of the 
magnetic field can lead to a significant increase in yield since the majority of beta- 
trons operate under conditions approximating “Hmiting cuncnt.” In conclusion, several 
models are presented to represent the possible role of the Coulomb interaction in the 
particle -tspping process in a stationary betatron orbit, 


Most of the present hypotheses concerning particle trapping in betatron acceleration can be divided into 
two groups; those based on self-induction of the nonstationary current in the chamber [1-4] and those which are 
based on the interaction of-the electrons with tie Couloinb field of the space charge [5-7]. 


The present paper fs devoted to a description of experi:nents in which the mechanisms proposed in these 
two cases of collective trapping were investigated, 


Magnetic Contra ctor 


The simulation of the contraction of the instantancous electron orbit, duc to self induction of the nonsta- 
tlonary current in the chamber, was realized by micans of a rapid variation in the magnitude of the central 
magnetic flux $ at the Instant corresponding to the Injection of electrons into the accelerator chamber. The 
device which provided this change in de magnitude of & was a supplementary winding, wound on the central 
core of the betatron, to which was applicd a current pulse with a curation of several microseconds, Devices of 
this type sre usually called contractors in accclerator terminology, The Utcrature contains descriptions of a 
considerable number of atteinpts to increase dhe yield of breinsstrahlung y-tadiation of the betatron by means 
of contractors (8,9}. However, in all cases described in these papers, in addition to the change in the central 
magnetic flux there was a change in the radial rate -of-decay of magnetic ficld in the region of the stationary 
betatron orbit because of the choicu of location of the contractor winding (Figure 1, 1, Il). 


Since a change inn leads to a decay of growth of the free betatron oscillations, it 1s inrpussible to draw 
any definite conclusion as to the effect of the contactor, The location of the contractor winding chosen (n the 
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Fig. 1. Types of contractors used by different authors 
I) Adams; II) Wideroe; TL) the authors of the present 
work. 


Fig. 2. Relative position of the voltage pulse in the in- 
jector and the current pulse in the contractor winding: 
1) injection pulse; 2) contractor pulse; 3,4) limits of 


the trapping region. 
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Contactor coils 


Fig. 3. Schematic diagram of tie contractor, Fig. 4. Shape of the cument pulse in the contractor 


winding. 


present work (Figure 1, I) makes it possible to study the effect of inducdon conuaction of the electron orbit 
on electron trapping without coniplications due to spurious effects, 


When there are electrons in the chamber the pulsing of the magnetic field of the contractor can give rise 
to a reversible process, To make dus an irreversible process, it is necessary that the current in the contractor 
Winding be decreasing at injection, In Figure 2 is shown the relative location in time of the pulses correspond= 
ing to trapping during die horizontal portion of the injection pulse, 


A schematic diagram of the contractor is shown in Figure 3. The shape of the current pulse in the con- 
tractor winding Is shown in Figure 4. 


In these experiments measurements were inade of the Intensity of the bremsstrahlung y -radiation as a 
function of the position kK the contractor curtent pulse in time with respect to a fixed injection pulse, The rel- 
ative position of the pulses in thine was observed on an oscilloscope, 


Curves were taken of the function Loy, = F(teonte Lemis) (where four fs the intensity of the bremsstrahlung 
y radiation in relative unlts; teat is the thine delay of the pulse In the contractor winding with respect to the 
dme at which the magnetic ficld passes dirough zero;and is the emlssion current In the injector) for a 
large range of values of lemjs for trapping at the Icading edge, the trailing edge .and the flat part of the injec- 
tion pulse (Figures 5,6,7). The amplitude and shape of the pulses were kept fixed in cach experiment, In ad- 
didion, at each value of iggnjg Convol points were measured with the contractor disconnected, that is, the cor- 
responding saluc of the Intensity was established, The function Loy: = a curve with one max- 
imum of several maxima displaced in time with respect to each other, The maximun: intensity corresponds to 
a contractor pulse position such that the current in the contractor winding is diininishing at the dime of trapping. 
If the current pulse is displaced along the abscissa axis in the direction of larger t the intensity becomes vir- 
tually zero up to values ¢ ~ 20-30 (starting at this point the yield of bre insstrahlung y ‘tadiation tncrcases 
gradually), Consideration of the curves in Figures 5,6 and 7 indicates that the contractor efficiency falls off 
with increasing ly jyjy. On the other hand, in golng over to high emission currcnts it ts found that de contractor 


\\ SS \IN. 
6L9 20v TH-8/3000 decay 
wa | 


lout fel. units (leading edge) + 


a 


Fig. 5. Curves obtained for operation on the increasing part of the injector vol- 
tage pulse. Ujnj=11 kv; fem{s®) ~10 pamp, O) 16 wamp; +) 23 wamp, x) 
6.4 pamp; VY ) 90 pamp;[)) 300 pamp. | 
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Fig. 6. Curves taken for operation on the flat part 

of the injector voltage pulse. Ujny = 11 kv; fois? 
@) 36 pamp; O) 60 pamp; vy) 260 pamp;[) ) 480 

vamp. 


Fig. 7, Curves corresponding to operations at the wail- 
ing odge of the injector voltage pulse, Ujny = 11 kv; 


femis: @) 24 wamp; ©) 76 pamp; x) 250 pamp;()) 
500 pamp. 


Fig. 5-7, Curves showing the yleld of bremsstrahlung y-radiation as a function of the switching timo of the cur~ 
rent pulse in the contractor taken at different valuos of the injector emission current, 
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is more cffective for op cation at the leading edge of the injection pulse, From this potnt of view it fs interest- 
ing to compare the behavior of the function Lyyp = F(igmnis) in the case of trapping at the leading edge (Figure 
8a) and at the tail of the injection pulse (Figure 8b) with and without the contractor in operation, The exper- 
ments which have been carried out indicate qualitatively the possibility, in principle, of contraction of the elee- 
tron orbit at the instant of injection due to self -induction of the electron current circulating in die chamber, 


The rate -vf -rise of the current in the contractor, corresponding to maximum trapping cfficiency,was 1.3 
amp/psee, 


log 


24 


J logtemis? log lemis 


Fig. 8. Yicld of brenisstrahlung y radiation as a function of emission current of the injector without the 
contactor ( — ) and with the contractor (--—). Ujnj = 11 kv; a) front; b) back, 


Direct measurement of the circulating current In the chamber at the instant of injection indicates that 
the maximun) value of the rate -of-rise of this current is 0.1 amp/ysec [10]. From this it follows that the con- 


traction of the instantancous orbits duc to sc}f-induction of the circulating current made up of accelerated 
electrons is small 


Electric Contractogs 


To study de effect of the Coulomb ficld on trapping efficiency at the instant of injection a space charge 
cloud in the form of a radially directed electron beam was introduced into the accelerator chamber by means 
of an auxiliary end-injector; we call tiis device an electric contractor, When this auxiliary injector is in op- 

eration an electron cloud, localized in azimuth, fs produced in the cham- 
ber. 


The arrangement of the electric contractor in the chamber Is shown 
in Figure 9, In this casc, the main injector Is located at a smalicr radius 
than the end-injector, Voltage pulscs from diffcrent pulse gencrators are 
applicd to both injectors, A trapezoidal pulse is applled to the main in- 
Jector and a pulse in the form of half a sinusoid is applied to the end-in- 
jector, 


f 2 In the experiment the dependence of the bremsstrahlung y-tadiation 
was studied as a function of the time at which the electric contractor was 
Fig. 9. Diagrain showing te . energized, The dime behavior of both pulses was observed on a cathode 
location of the elecuic con- tay oscilloscope, The paranicters of the function Loy, = F(teont) were the 
tractor in the accc krator emission current in the electric contactor (Ly mis con) 20d the emission 
¢ mber: 1) cnd-injector; 2) current in the main Injector (4, .)j,). The results of thy measurements are 
malin injector. shown in Figurus 10, 11 and 12, The exporiinonts indicate cist the tap- 
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Fig. 11. Two scrics of curves showing the Intensity of 
the bremsstrahlung y-radiation as a function of the 
0 £2 6 & 8 0? time at which the clectric contractor is pulsed. Volt- 
teont HSEC age of the injection voltage of the main injector ~11 


kv, amplitude of voltage pulse in electric ontractor 
~ 4.5 kv. The curves were taken for an emission cur- 


Fig. 10. Two series of curves showing the intensity of 
the bremsstrahlung y-tadiation as a function of the rent of ~40 yamp In the main injector (solid curves; 
tine at which the electric contractor is pulsed. In- ®) iemiscon = 10 wainp, O) lemiscon = 60 pamp) and 
jecdon voltage of main injector ~11 kv, amplitude ~ 370 painp (dotted curves; @) iginiscon = 5 pamp, 
of voltage pulse in electric contractor ~4.5 kv. The O) ie mjs cup ~ 89 wainp); the curves were taken for 
curves were taken for the following values of the operation at the flat part of the voltage pulse in the 
main-injector current: = 270 pamp (dotted main injector. 

curves: O) lemiscon = 5 uamp, @) femiscon = 15 

ping factor increases strongly at sinall emission 
femiscon 10 ©) lemiscon 70 pamp). currents of the malin Injector, Under diese condi- 
tions the Intensity is incrcased by a factor of 40 


to 50 when the electric contractor Is used, 


When only the electric contractor was cnetgizcd (main Injector disconnected) the intensity was not af- 
fected,. When the filament voltage of the electric contractor was reduced it had no further effect on the trap- 
ping proccess, 


If the electric contractor was placed In front of the main Injector, an increase in intensity (maximum of 
3-4 times) was observed only at very small eimission currents In the main injector, 


Wid: increasing emission of the main Injector, the effect of the clectric contractor was generally reduced 
and at norma! operating current values its effect becomes null or even negative, On the other hand, an Increase 
of the current in the end-injector had more pronounced cffeet in gencral, 


Finally, it should de noted that the clectric contactor is more cffective at normal operating valucs of 


the emission current in the matin injector when the Icading edge of the injector pulse is used (although the ef- 
fect here as still small at these valuosdf the cinission current). 


An attempt at an cxact mathematical description of the behavior of the ckectric contactor mects with 
a number of difficultics, mainly those Involved in estimating the distribution of the space charge which acts 
on the particles in flight. However, it is possible to offer some qualitative considerations regarding the inter- 
action of a charge cloud which is localized in azimuth with an clectron which passes through it. Uf it is as- 


sumed that the density of the charge cloud diminishes in time, the energy loss of particles which pass through 
— the cloud can be estimated roughly from the expres<ion 
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Fig. 12. The intensity of the bremsstrahlung y-radi- 
ation as a function of the dinc at which the clecric 
contractor is pulsed, obtained for opcration at the 
trailing edge of the injection voltage pulse in the 
main injector. Ujnj = 11 kv; Ujnj con = 4.5 kv; 
lemis = 6° wamp; lemiscon: 7.5 wamp, O) 240 
pamp. 


electronic “background” in the accelerator chamber, 


where ris the distance from the Injector to the equilibrium orbit; U ts the injector voltage; v is the clectron 
velocity at Enjection; Ris the radius of the equilibrium orbit, The correction factor a takes into account the 


qa) 


where a fs the rate at which the space charge 


* diminishes in time; v fs the initial velocity of an 


electron along an orbit of radius R; a ts a linear 
dimension of the cloud; Q is the total charge of 
the cloud, 


An estimat: of the contraction per revolu- 
tion of the electron orbit for these parameters 
yields the value ~0.3 mm. Thus, it is apparent 
that a charge of variable density which is artifi- 
cially introduced into the chamber can lead to 
an increase in the efficiency of particle trapping 
in a betatron accelcrator, An cstimate of the de- 
cay of the fast betatron oscillations due to the re- 
duction in the density in the space charge gives 
(for the given parameters) a value ~0.1 mm/rev 
or even less. The possibility of resonance atten- 
uation due to the appearance of the first harmonic 
in the azimuthal density diswibution of the space 
charge is also very small 


Thus, the effect of the electric contactor 
can roughly be attributed to the retardation of 
electrons and to the decay of fast betatron cscil- 
lations, 


DISCUSSION OF RESULTS 


1, On the basis of the experiments which 
have been carricd out it has becn established that 


the use of a magnetic contractor or an electric contracwr can Increase the tapping efficiency only in the re- 
gion of sma) emission currents where the trapping {s usually accomplished by virtue of adiabatic contraction 
of the instantaneous electron orbit and inhibition of the free betatron oscillations. In this case the intensity of 
the bremsstrahlung y-tadiation increases by a factor of 20 or 30 and cven more. On the othcr hand, in the re- 
gion of high -emission currents, that is, at those current values which correspond to “collective trapping mech- 
anisms,” both methods of artificial contraction of the electron orbit b:come Incff:ctive. It is obvious that the 
maximum of the curve lout = E (lens) is determined by the defocusing properties of the space charge in the 
accelerator Chamber. A rough estimate of dic Umiting current which can be constrained by the stabilizing 
forces of the magnetic ficld can be made on the basis of the following cxpression 


iim (2) . 


A direct measurement of the current circulating in the chainber by means of an induction method gives 
satisfactory agrecment with dus cstimatc, Thus, attempts at artificial enhancement of the contraction of the 
instantaneous orbit at the instant of injection cannot lead to a noticeable Increase in the intensity as compared 
with die maximum which can be achieved without the use of the auxiliary equipment, On the other hand, any 
method which increases the value of the Limiting charge at the instant of injection will lead to {inproved oper- 
ation of the betauon. A significant increase in the intensity of the y-radiation of the betatron fs possible only 


: 
: 


if the stabilizing fogce of the magactic ficld is increased or if the xchange Inside the acoslerator 
{s compensated, 


+ 2, A comparison of the indsction-trapping idiutiiats with experiment tndiéates that this mechanism, if 
it exists at all, has a very small effect and is nog finportant. Thus, the magnetic contractor has a noticeable 
4 + effect at a rate -of-risc-of 1.3 amp/psec while the. ‘maximum tate -of-rise in the chamber as measured by an 
{aduction method (10) was found to be less than 6.1 anp/ysec. 


’ A rough estimate of the orbit contraction -” revolution in accordance with the Kerst formula 


(3) 


(where L fs the inductance of a loop at a radius of the equilibrium orbit; W fs the energy of the-injected elec- 


trons) indicates that at normal operating currents the quantity dR {s very close to the quantity which corresponds 
to an adiabadc process, 


3. In experiments with an electric contractor it has been established that an enhancement of the trapping 
efficiency occurs mainly as a result of a reduction in the time required for localization in azimuth of the space 
charge. Furthermore, the cffect of this supplementary space charge {s greater at higher voltages in the main 
injector. Similar experiments carried out with an ordinary contractor also indicate that the wapping efficiency 
fs greatest at the leading cdge of the injection pulse. Finally, it has been established that a reduction in the 
decay length of the injection pulse increases the output yield (for operation in the eum trapping region) 
in spite of the fact that the trapping time is reduced in this case (11). 


It follows that the Increase fn the efficiency of collective trapping is related to the decay of the space 
charge in time, This conclusion is based on the fact that, as is well known, there is always a considerable non- 
uniformity in the azimuthal disuibution of space charge in the betatron chamber. Consequently, an electron 


passing through a nonuniform region during the decay time loses energy; this phenomena leads to capture ina 
stationary orbit. 


The decay of the space charge can occur not only with a reduction in the voltage at the cathode of the 
injector but even when this voltage remains constant or evcn when it fs Increased, As a matter of fact, at the 
instant of time which precedes the formation of the circulating current in the chamber the beam from the in- 
jector falls upon the inner wall of the chamber (the leading edge of the injector pulse) or upon the outer wall 
(the tailing edge and flat part) thus producing a strong space charge. 


With the appearance of the nonstationary circular current in the chamber this space charge diminishes 
quickly, 
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tron of the Institute of Physics Acad, Sci, USSR, 
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ON THE TRANSFORMATION OF B6-PARTICLE ENERGIES TO 
ELECTRIC ENERGY IN GERMANIUM CRYSTALS WITH 
JUNCTIONS 


B.M. Vul, V.S. Vavilov, L.S. Smirnov, G.N. Galkin, 
V.M. Patskevich and A.V. Spitsyn 


We present the results of an investigation performed in 1955 on the transforma- 
tion of the energy of fast clectrons into electric energy by germanium crystals wth 
p-n junctions, as well as data on the efficiency of this transformation and its .<pend- 
ence on the absorbed radiation flux and total dose. It is found that the base factor re- 
ducing the efficiency of transformation is the increase of the recombination rate of 
electrons and holes on recombination levels of structural defects arising as a result of 
the irradiation. Changes In the equilibrium electric conductivity and carricr mnobilides 
play a secondary role, A method is indicated for reestablishing the initial properties 
of crystals by heating them. Ionization curves are given for monocnergetic electron 
beanis In gemnanium, 


During the past few years sxveral works have becn published on the direct transformation of radioactive 
decay energy to electric energy with the aid of semiconductor devices with p-n junctions [1-3]. The theory 
of semiconductor energy transformers is essentially similar to the theory of p-n junction photocells (2-5). 


We have performed experiments to determine the efficiency for transformation of B-particle energies in 
N-type germanium crystals with p-n junctions obtained by alloying with indium (5} 


The B-particle source used was SP-¥™, The total activities of the initial sources were 50, 100, and 
200 pe. The 8 sources were prepared in the form of 8 nun diameter tablets of suontium sulfate whose activides 
were 50 and 100 ye and strontium carbonate whose activity was 200 ye. 


Figure 1 shows the B-spectra of the 50 and 200 ye sources, The spectra were obtained by M.V. Viskova. 
The energy Incident on the germanium: crystal was determined from measure ments of the B-spectra and the 
total B-particle current. It was found that the radioactivity used was lower by a factor of 5 than the inuinsic 
radioactivity, due to self-absorption and the geometric configuration of the transformer, 


We also perforincd measurements in which the semiconductor was Irradiated by artificially accelerated 
electrons with energies from 400 to 1150 kev. In this case the clectron beam Intensity corresponded to a B- 
source whose activity is several tenths of a curie, The efficiency of transformation of radiant energy, which 
may be defined as the ratio between the electric power delivered to a matched load and the radiant energy 
flux incic-nt on the semiconductor, depends on the avcrage energy, ¢, expended in the formation of one excess 
pais of current carriers, the fraction a of carriers that reaches the p-n junction (this fraction is always less than 
one due tw recombination on the surface and in the volume), and a factor accounting for the reflection and ab- 
sorption of B-particles and the geometry of the cnergy transformer, The magnitude of ¢ was determined in a 
separate experiment (6) and was found to be 3.7 2 0.4 ev. In the energy transformers we used @ attained 3 
value of 0,65. In choosing the geometry of the transformer, the spatial distribution of the lonization in the 
crystal is of great finportanes, 
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Fig. 1. B-spectra of the 50 and 200 pe Sc-Y™ sources. N/Ilp is the num- 
ber of particles per unit time in a given interval of ip (where I is the mag- 
netic field strength of the spectrometer, and p is the radius of curvatuse of 


the B-particle orbit). 


From measureinents of the relative ionization produced by an electron beain in a narrow gap between 
two gerinaniun plates, we constructed ionization curves for electrons with cnergies from 420 to 920 kev (Figure 
2). Since the mean B-energy emitted by thick S:°*-¥™ sources Is of the order of 1000 kev, the fundamental 
fonization region for these sources enters to a depth of about 0.6 mm, as can be seen from the curves of Figure 2, 


Distance, d, fromerystal surface, mm 


Fig. 2. Ionization curves in germanium for parallel 
electron beams with energies from 420 to 920 kev 
incident perpendicular to the surface of the crystal, 
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The cfficicncy of transformation was found 
from the load characteristics (Figure 3). For the 
200 pe B-source the efficiency of the wansformer 
was 0.06% for an emf of 13 mv, and a short-cis- 
cuit current of 41 ya, 


Figure 4 shows the load charactcristics for 
irradiation by monoencrgetic electrons, The 
maximum efficiency of the transformer tn this 
case was 0.72% for an emf of 0,115 v, and a 
short-circuit current of 2.6 ma. 


The dependence of the transformer effi- 
ciency on the Incident radiant energy flux P, for 
the first few moments of istadiation Is shown in 
Figure 5. 

The experimentally observed fact that the 


transformation efficiency stops increasing for high 
electron fluxes (of the order of 0,1 w/cm’), is 


Clearly related to an inctease in the recombination rate (5}. When fast electrons pass through a crystal some 
lattice sites are left enipty aid sone atoms enter the spaces between the sites, Le., Frenkel’s defects are pro- 
duced. The energy threshold for formation of defects in germanium has been | eee and is equal to 500 s 


& 20 kev [7} 
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Fig. 3. Load charactesistics for a germanium crystal 
with a p-n junction irradiated by 8 -particles from 

Sc°-Y¥™ sources with activities of (1) 50 pe; (II) 100 
ue; (LI) 200 ye, at the beginning of irradiation. 


crystal and the lifetime of excess current carriers, 


Defects in crystals influence electron inotion, and are manifested by changes in Ue conductivity of the 
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Short-circuit current (I-) of the trans- 
former, ma 


emf (V) of the wansformer,,¥ 


Fig. 4. load characteristics for a germanium crystal 
with a p-n junction irradiated by 480-kev electrons, 

Pj is the cnergy flux of the incident radiation, and q 

is the efficiency of the wansformer. 1) Pj = 3.84- 107 
9 - 9.22% 2) ri = 96-107 - 0.43% 
3) Py - 1.92- 10 w/em*, 0.63%, 4) = 2.88- 107 
w/em’, n= 0.72%. 


We have studied the variation of the emf Vg and the short-circuit current T,¢ of gecmaniun crystals with 
p-n junction as a function of the total 8 -particle radiation dose. The results of dhe measurements are shown 
in Figures 6 and 7, In addition, we performed dicect measurements of die effective lifetime of excess carriers 
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Fig. 5. The initlal values of the efficiency n of en- 
ergy transformation by germaniuin crystals with p-n 
junctions, given as a function of the energy flux Py 

of the incident radiation for different values of a. 
The solid curves are the theoretical ones for a = 0.5 
and @ = 0.25, the dotted one Is for a = 0.35. The ex- 
perimental points are; A) electrons of energy E = 500 
kev, and O) B-rays from Sry, 


Tope in gerimaniwn bars as a function of the time 
of constant intensity Irradiation, The lifetime of 
excess Carriers was measured by a bridge method 


(8}. 


As the irradiation time fis increased, Vg, Isc, 
Teff and the efficiency of the wansformer all de 
Crease, The inctcase of and which is ob- 
served for 1-2 hours after the start of irradiation 
in air fs not related to electron bombardinent of 
the surface, but is due to the presence of ozone, 
which decreases the surface recombination rate, 


The primary reason for the drop in the ef- 
ficiency of transforination when germanium is 
buimbarded by electrons is the reduction of the 
effective carrier lifetine due to recombination 
centers which are stable at rou temperature be - 
ing forincd in the volume of the crystal; these 
tecombination centers arise as a result of the de 
struction of the crystal lattice by the fast elec- 
trons, The changes in resistivity and carrice mo- 
bility play an insignificant role in this process, 
Thus, for instance, when the radiation defect con- 
centration is increased to 5-107 cm™, the resist- 
ivity of a germanium crys 51 whose original resist- 
ivity is 3 ohm/em changes by 5%, and the lifedime 
Toff drops from 500 to 100 psec, 
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Fig. 6. The dependence of the einf V9 of a germanium transform= 


Fig. 7. The dependence of the short-cir- 
er on the B-tay irradiation time, using a 200 pe Sc? -¥™ source. 


cuit current Ike of a germaniuin transforin- 
econ the B-ray irradiation time from a 
100 peo source. 


The decrease in the electric conductivity and lifetime of excess carriers due to Irradiation by fast clee- 
trons have the saine threshold energy of about 500 kev. If we know the number of defects formed in a gerinani- 
urn rod by radiation, and if we know the decrease in the lifetime, we can find 9, the effective cross section 
for recombination capture of an ckectron by a defect. We found @ to be 1- 107"* cin® (9). 


At rooin temperature tie initial properties of a crystal that has been subjected to radiation are recstab- 
lished very slowly [10], and therefore one may not count on continuous self -regencration of germanium energy 
transformers operating under sufficiently intense irradiation. 


4 mv Radiation damage which reduces the carrier 
100 Ufetime in germanium crystals can at Icast partially 
40 be removed by annealing. We have subjected ger- 
50 manium crystals with p-n junctions (obtained by al- 


loying with Indium) to slow annealing (84 hours at 
a temperature of 140 ¢ 5°C) after they have under- 


f gone fast-electron bombardinent. The annealing 
process alnwst completely reestablished the initial 


values of and Anncaling at higher tcinpera- 
as ae tures is impossible, since indium melts at 1ST°C, 
It ts not helpful to decrease the 8 -particle 
a? energy by absorbers, since these absorb primarily 
— slow electrons, which carry a large part of the energy. 
ay a Experiments in which the B-energy from a 100y¢ 
source was lowered by means of a germani- 
= Fig. 8, The depen ees ibindittdtie um filter showed that a 0.3 mim thick absorber doub- 
germanium transformer on the B-ray tes the irradiation dime to Vy 
selon theme 6 00 a factor of 2, The initial einf, however, also drops 
without a filme (1) and with gerinanium fil- 


ters of thickness 0.3 mm (2) and 0.5 mm (3). 


A 0.5 mm thick filter increases t by a factor 
of 5 and reduces the initial cmf by a factor of 6. The 
results of these measurements are shown In Figure 8, 


The data obtained on the changes in germanium crystal under the action of fast-electron trradiation 
showed that an encrgy transformer consisting of a germanium crystal with a p-n junction and a Sr°*-y™ 8 -source 
cannot reasonably be used as a long-term source of electric energy. 


According to the data in the terature [2,3], silicon B-transforimers have higher efficiencies than ger- 


thr 


maniuin, but the number of defects caused by 8 -tadiation in silicon is much greater than the number In get- 
mantum, so that the efficiency of tansfurmation drops rapidly as the dose of radiation fs increased, 


A stable source of electric energy may be obtained from a combination of a semiconductor in which p-n 
Junctions with low saturation currents can be established, and a source of low-energy B-radiation whose max= 
{mum energy Is less than the threshold for formation of defects in the semiconductor (for instance, germanium 
with TE™ of of silicon with Ni), 


The use of very low -energy B -sources (for instance tritium) is not very helpful ens to the low specific 
power and the high self-absorption, 


Experiments on preparing p-n junctions by thermal diffusion methods show that for such junctions the 
transformation of 8 -energy is even less efficient than for alloyed junctions, since the lifetime of minority car- 
riers in the crystals is lower, 


The authors express their sincere gratitude to P.la. Glazunov who took part in the experiments with the 
artificially accelerated electrons, and to P.N. Kodochigov for his valuable help in the preparation and exami- 
nation of the samples. 
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RADIATION FROM A CYLINDRICAL SOURCE 


E.E. Kovalev 


We consider the radiation from a cylindrical source, treating one without self- 
absorption in the first section, and one with self-absorption in the second one, 


We obtain an analytical expression for the y-radiation yield in the radial direc- 
tion froin a nonabsorbing cylindrical source. This is given in terms of tabulated func- 
tions only. This expression can be used to calculate te y-radiation yield from nonab- 
sorbing cylindrical sources (cylindrical condensers filled with radioactive gas, certain 
types of y -sources, neutron sources, cte.). It can be used for seHf-absorbing sources if 
this effect is accounted for by a self-absorption factor, The sceund section of this ar- 
ticle is devoted to a calculation of the self-absorption factor for a cylindrical source. 
Expressions for this factor are obtained for sources with different absorption coefficients 
and height-to-diameter ratios, and the values are given in tabular form, The data pre- 
sented in this article can be used in practice for calculation of the y-radiation yicld 
from cylindrical sources, which are widely used in practice. 


Various shapes of y -sources have found wide application In science and technology.. Independent of its 
use, a fundamental characteristic of a source is its y-radiation yleld, that Is, die y -dose rate from the source 
at a given point. 


In general the y-tadiation yicld is determined by the following basic factors: the y-ray energy, the spe- 
cific or total source activity, the geometry (size and shape of the source and distance from a given puint), seHf- 
a>erption, and multiple scattering within the source, Calculation of the effects due to these factors Is in gen- 
eral quite difficult. 


In this article, we restrict our considerations to the Influence of gcometry and self-absorption on the y- 


radiation yicld, and shall first consider the radiation yield from a nonabsorbing cylindrical source, and then 
fromm one with self-absorption. 


Radiation from 3 Nonabsorbing Cylindrical Source 


Although cylindrical y-ray sources are widely used in practice, the Hterature does not yet contsin an ex- 
pression for the y -radiation yield in the radial direction from a solid circular cylindrical source. It has been as 
serted (1-5) that the expression for the y -radiation yleld from a solid cylindrical source without self-absorption 
contains an integral which can only be calculated numerically, It has also-been asserted [1, 2) that for points 


located on the surface or the axis of the cylindrical source the integration can be performed and leads to ana 
lyuc expressions. 


We shall consider below an arbitrary point in the radial direction, 
In this case the y-dose rate at A (Figure 1), a distance b from the axis of the cylinder, is given by 


Re 
dzp dp de 


> 


where Py {s the y-ray dose rate at a unit distance from a source of unit ac- 
dvity, and q fs the specific activity of the source (the remaining notation fs 
given in Figure 1). rites over g and p, and then Integrating by parts, 
we obtain 


Py = { + 


Fig. 1. For the calculation + R*— Vh*+ + 4+ (6 (1) 
of the radiation yicld at a 


given point an arbitrary dis- R) dz 
tance from die cylindrical V = + +) + 
axis, 
a 
ol a'dz -} 
Let us consider the Integral V + 229 (R? + 


It is known that an integral of this type can be reduced to an ellipuc integral of the first kind F(g,k), if =. 
In our case k = 2 VRb/(R + b). Obviously K <1 for all valucs of bandR. Thus 
ha 
where yg = arctg 


Let us now consider the Integral 


I,= — s*dz 


The integral 
P+(b+ 
in cis expression can be reduced to an elliptic integral of the third kind 1(y,n, k), if @ 1, 
Thus 


PIL m, k), 


where n = —1, 


Insering the expressions for I, and I, into Equation (1), we obtain an expression for the y-ray dose rate 
for an arbitrary radial point, this expression involving elliptic Intcgrals of the first and third kinds, It should 
be noted, however, that in practice it fs inconvenient to make use of the elliptic integral of the third kind, 
since this integral fs not tabulated, It is therefore useful to have the expression relating the elliptic integral of 
the third kind with those of the first and second kinds, namely 


J 

| 

| 

. 


if n = —1, and where E(y, k) fs the eliptic integral of the «cond kind. Using Relation (2) one arrives simply 
at de final-cxpression for the y-tadiation yivld {n the radial dircction from a cylindrical source: 


@3) 


P 
We note that this expression contains onty tabulated functions, which makes it possible to avoid numerical and 
graphical integrations which are commonly used in such cases. 


Let us now consider two spec:al cases: 1) b = R (the given point is on the surface of the cylinder), and 
2) b = 0 (the given point is on the cylindrical axis). . 


Case 1: (b=) 


y+4]+ 


It fs clear that a point on the surface halfway up a cylinder of height H = 2h, i ania a y-tay dose rate 
given by 


(4) 


It can be shown that lim $(h/R) = 2 as h/R —> o, and thus for an infinitely long cylinder the y-tay radiation 
rate at its surface is given by 


P= 4nP,gR. 


This relation may be used for cyUndrical sources with h/R = 10, and the maximum error will be no greater than 
5% Equation (4) can also be used to find the y-tay dose rate at an arbitrary point on the surface of the cylin- 
der. Thus 


P(h, R, 2) = (4b) 


if the given point fs located on the extension of the cylindrical surface a distance x from the base, and 


P(h, R, 2) = (4c) 


if the given point fs located on the cylindrical surface a distance x from the base, 
We note a particular property of Equation (4). It can be shown that 


In this casc Equation (4a) becomes 


Py = 2nP,gh= P, 


661 


where Q = 2efhy ts the total source activity. This relation leads to the following conclusion; if h/R = 1.4, 
then the y-tay dow rate at a point on the surface halfway up the anaes is the sarne as if the total ini 
of the source were located at {ts geometric center, : 


Case 2; (b = 0) 


Rr 
This expression can be used when the given point lies on the axis Gee its extension) at an arbitrary distance x 
froin the base: 

P(h, R, z)= 
R* 
=«P.q 2) [ tary) + 
R 
+ arclg i | } 


Expressions of this type are obtained by using the superposition principle, which is valid in our case since self- 
absorption and multiple scattering of de y -radiation in the source Is not taken into account, This principle 
can also be applicd to Equation (3). 


‘a Thus the expressions presented above can be uscd to determine the radiation yield froin a cylindrical 
source with no self-absorption. 


Radiation of a Cylindrical Source with Seclf-Absorption 


The y-radiation yield from extended sources depends, in general, to a great extent on the absorption of 
the radiation in the source itself (self-abworption). In many cases it is necessary to calculate the effect of self- 
absorption on the y-radiation yield. We shall do this for a finite cylindrical source. We note that this problem 

has not yet been solved (3,6, 7} 


: Let us define the self-absorption factor as the ratio of the radiation 
SD yicld fron) an extended source with self-absorption to the radiation yield 

; from a nonabsorbing source. We shall make the following assumptions; a) 
the radioactive substance is distributed homogencously through the volume 
‘of the cylinder; b) the y-radiation from the source is monocnergetic; 
Pita the radiation absorption Is described by an exponential, The last assump- 


Yon sacans dat we are neglecting inultiple Compton scattering in the source 
=~, itself, It is quite difficult to take account of this effect, and requires sep- 
arate Consideration. 


let us Introduce the following notation (Figure 2); f is the self-ab- 

sorption factor; P is the y-ray dose rate at the point Owith self-absorption 
taken Into account; Pg is this dose rate at O neglecting self-absorption 

i, adlomainrineapee~ared (the expression for Py has been given In the first section of this article); D 
is the diameter of the cylinder; HH Is its height (H = 2h); wy is the absorp- 
tion covfficicnt of y radiation in the source material; O is the origin of 
the x, 0, ¢ spherical coordinate system, OS = x, and OS, = x. With the 
assumptions made, the self-absorption factor for a finite cylindrical source 
is by definition. 


the equation for the sclf-ab- 
sorption factor in a cylindric 
al source, 


Pe x, (0, 6) 


4 
i 
4 | 


2/2 


‘After performing the integratfon in the denomfnator and integrating the numerator over x, Equation (6) beconws 


(1- "(>t Vio) +4)+2-VGB) +4 


Fig. 3. The limiting angles and 
for a finite cylindrical source. 


= arctan 


The Self-Absorption Factor f for a Finite Cylindrical Source 


z,=D 


z,=2,(9, 


It is clear that in integrating over p we must consider two 
cases (Figure 3), namely 1) y S vq and 2) y= op, where ve = 


cos6 
cose 


We take account of the finlte height of the cylinder in Equations 
(6) and (7) in the upper limit for integration ‘over x: 


a . In the first case integration over x is taken from 


0 to the Intersection of OS with dhe side surface of the cylinder 
(point S, in Figure 2). This means that 


In the second case we must separate two tegions of integration 
over @: 


0.75 


1.50 


2.00 


2.235 


nS 


1.000 
0.062 
O.925 
0.892 
0.852 
0 
0.787 
0.766 
0.743 
0.724 
0.6332 
0.558 
0.499 
0.449 
0.406 
0 470 
0311 
).272 
0,239 
0.212 
0.191 
0.171 
0.149 
0,129 
0.112 
0. 100 
0.089 
0.060 
0.045 
0.018 


1.090 
0.955 
0.916 
0.878 
0.844 
O.81h 
0.784 
0.758 
0.7 
0.713 
0.6!) 
0.593 
0.513 
0.454 
0.4% 
0. Ml 
0,324 
26H 
0.225 
0.195 
0 173 
0 155 
0.140 
0.121 
0.105 
0.092 
0.081 
0.072 
0.037 
0.030 


1 000 
U.871 
0.834 
0.808 
0.777 
0.7 
0.723 
0.698 
0.676 
O.576 

AX7 
0.344 
0.5508 
0.252 
0.212 
0.184 
(0, 164 
0,147 
0.0 
0.087 
0,077 
0.068 
1). 046 
0,028 
0.014 


1.000 
0.9% 
(0. 
0.826 
0.793 
0.782 
0.70 
0.700 
0.6735 
0.648 
0.461 
AIKS 
O.313 
0.279 
1% 
0.170 
0.146 
0 106 
0 m2 
0.080 
0.071 
0.013 
0.043% 
0 M2 
0.026 
0.013 


1.000 
0.945 
0.900 
0.8% 
0,820 
0,780 


0,721 
0,692 
666 
0,68 
0,400 
0,390 


1.000 
0.896 
0,852 
0.812 
0.780 
0.744 
0.714 
0.686 
O22 
0.447 
0.376 
0.327 
0.200) 
0.220 
0.187 
0.162 
0.144 
0.117 
O.401 
0.087 
O.076 
0.068 
0 O40 
0.024 
0.012 


D 
AP 
1.000 t.000 1.000 1.000 1.000 
0.975 | 0.967 0.058 0.9%) 0.803 
0.95) | 0.920 0.908 0,707 
0931] 0.9003 0.844 (0, Teak 
0.912 | 0.880 0.86 0.713 
0.893 | 0.852 0.825 0.800 0.676 
0.875 | 0.832 0.800 0.770 0.640 
6.859 0.818 0 773 0.740 
0.841 |, 0.70 0.TA 0.713 0.57% 
9.824 | 0.771 7:0) 0.60 
| 0.752 0.704 0.062 0.528 
0.743 | 0.668 0.614 0.432 
0.688 | 0.604 0.470 
| 0.544 0.472 O.A18 
0.596 | 0.421 0.471 0.274 
0.557 | 0.452 0.377 0.529 0,243 
0.527 | 0.339 0,272 0.217 
0.478 | 0.359 0.283 0.242 0,225 0.179 
0.432 | 0.318 0.244 0.204 0,191 0.152 
9.395 | 0.286 0.212 0.477 0, 166 0.132 
| 0.258 0. 188 0.1% 0,147 0.407 
0.2% | 0.169 0,432 0.1% 
O.3t4 | 0.200 0.153 0) 127 
2 0.267 | 0.181 0.182 0.110 0.0R2 
14 0.232 | 0.15 0.00% 0,080 0071 
0.200 0.157 0,083 0,078 0.062 
18 0.178 | 0.121 0.088 0.074 0,069 0.0% 
20 0.159 | 0.108 0.079 0.066 0,063 
0.107 | 0.073 0,053 00.044 OWI 0.00 
0.081 | 0.055 0,041 0.02% 
” 0 065 | 0.044 0.032 0,027 0,025 0.020 aa 
100 0 032 | 0.022 0.016 Ute 0.013 0,013 0.010 a 
663 


a) 0 5 
b) 0 = 0» 


where -= arcons Zune’ 


In case 3) the intersection point of OS, which is given in terms of the angles 0 and ¥, with the surface 
of the cylinder is in the plane of the top of the cylinder, Therefore the upper limit of integration over x is 
ven 


In case b) the intersection point defining the upper limit of integration over x is again on the side surface 
of the cylinder, so that 


eos 6 
7,=D----. 
cos @ 


After all these considerations, and after chousing the upper limit of integration over x, the integral in the nu- 
merator of Equation (7) can be written 


Fe 


% 


(8) 


The values of M¢ and ¢ depend on H/D. 


Equations (7) and (8) give the self-absorption factor for a finite cylindrical source. The results of the cal- 
culation are shown In the table, 


The tabulated results lead to the following conclusions; 


1. The self-absorption factor for a finite cylinder and a given value of 4D decreascs as H/D increases, 
This can be explaincd by the incrvase in the relative role of the so-called “oblique” rays as H/D increases, 
This also explains why for large 11/D the scif-absorption factor decreases more rapidly with pD, 


2. The self-absorption factor for a finite cylinder with a given value of 4D <pproaches the value of f 
for an Infinite cylinder as 11/D is increased. Comparison of the results for finite and infinite cylinders® shows 
that with an accuracy of 5% the data for 3 cylinder with 1/D = o@ can be used for a cylinder with 11/D = 2,5 
for practically arbitrary yD (if conversion is used to account for purely geomewical factors). 


3. As H/D ts decreased the region in which one may neglect eae (f ~ 1) for a finite cylindrical 
source moves towards higher valuws of yD. 
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ATOMIC MASSES OF THE IsoTores 


R.A. Demirkhanov, T.I. Gutkin and V.V. Dorokhov 


We present the results of new mass-spectrographic measureinents of the atomic 
masses of c®, N¥ and N“. We show the “internal consistency® for the mass values of 
these isotopes obtained from different sets of mass doublets. The incasurements were 

_ performed under conditions eliminating systematic errors, We describe the method for 
precision adjustinent of the fon-optical system, The values obtained for the masses of 
C3, N™ and are 13.007491 2 3- 107% amu, 14.007527 4 4-107* amu and 15.004890 + 
# 5-107 amu, which is in good agreement with the values recently published by Nier 
and co-workers, This data is higher than the average data obtained from nuclear teac- 
tions and by statistical analysis. The difference in the values is explained by the in- 
exact measurement of the Q-values used in calculating the masses of the parent isotopes 
Ng, H, D, He* and C®, and of the isotopes C¥, N™ and N3, 


INTRODUCTION 


One of the fundamental ways of showing the absence of systematic errors in mass-spectrographic measure- 
ments of isotope masses is by so-called “internal consistency.” This means that the mass values for a given iso- 
tope obtained by using different mass doublets in different combinations are in good agrcement with each other. 
Up to the present time, internal consistency has not been obtained for the atomic masses of C® or (1). 
The rcason for this was the presence of systematic errors, 


As a result of special investigations recently performed [2], it was established that systematic errors which 
destroy internal consiswncy can be caused both by insufficiently accurate adjustment of the lon-optical system, 
and by the action of the beam space charge and the fringing fields of the magnetic and clecwic lenses, 


In the present work we present the results of new measurements of the. atomic mass of N“, which were 
performed ander conditions in which the above factors were to a great extent eliminated or accounted for. In 
order to compare the results of our measurements with the values of the N™ mass obtained from nuclear reac 


tions, wo measured the atomic masses also of C¥ and N¥, The experiments used gas mixtures enriched in 
these rare Isotopes, 


Adjustment of the Apparstus 


In double -focusing mass-spectrographs, the parameters of the electric and magnetic lenses are related 


by (3) 
[(1— cos + 22 sin] + 
+(cos — sin x 


Tom 


x [r,,(1—cos %)+/,, V2sinV2 


where fon Js the radius of curvature of an fon in the magnetic lens; pp is the angle subtended by the magnet 
ic field; Uppy is the distance of the “image” from the edge of the magnetic field; tog is the radius of curvature 


. 
t . e 
| 
e 
. 
. 
: 


of an fon in the electric lens; & is the angle subtended by the electric lens; and Ige is the distance of the 
electric lens *image® from the edge of the field. 


In our instrument [4], when the principal points of the electric and magnetic oytnhinst lenses are sym- 
metrically located and when @, ~- 60° and V2e_ — 90°, then in order to obtain velocity focusing it is neces- 
sary that foe = fon, and the angle of incidence of the bean on the electric and magnetic lenses be 9°, 


It is not possible to attain these conditions with sufficient accuracy by mechanical adjustment of the in- 
sttument. Stinall deviations from a 90° angle may. be unnoticed, since even for very narrow slits the beam will 
pass through the ion-optical systein (because of ~ appropriate choice of the accelerating potential and the 
voltage applied to the cylindrical lens). 


In this case the mean radius of curvature of the beam will differ from the calculated one, thus destroying 
velocity focusing (Figure 1). 


The precision adjustment of the apparatus was 
attained in the following way. In addition to the 30y 
aperture slit S, at the entrance to the electric lens, 

_ we placed another diaphragm with a slit Se (of width 
90y and height 6 min) at the exit from the electric 
lens. In order to avoid polarization, this diaphragm 
was heated. During the adjustinent time, two 30y 
thick tantalum wires, well insulated from each other 
and from the condenser casing, and with a scparation 

Fig. 1. Path of an ion beam In an unadjusted sys- of 150m were attached at the center of the electric 
tem. lens symmetrically with respect to its central surface. 
Each of these wires was attached to a vacuum-seaked 
lead, which in turn was attached to a low-current 
meter, During the adjustment the current on the wire was about 2-108 amp. The fact that the wires were so 
thin and that they were so close together caused the field to be hardly altered by them even in the immediate 
neighborhood of the wires, 


The measurement of the total beam current was performed with the aid of a special detector located 
near the image froin the electric lens, The design of this system was such that the detector was inserted Into 
the beam only during incasurement. 


As has been shown elsewhere (4), the velocity distribution of the fons in the beam for a plasma fon source 
is of the order of 2-6 v. For such a velocity distribution and for an accelerating voltage of 40 kev, the thick- 
ness of the central part of the beam Is no greater than GOy. Because the beam fs so narrow and the current 
density is relatively high, its position can be rather well established with the ald of the above -mentioned wires, 


The apparatus was adjusted in the following way. For a given accelerating voltage Ug, the voltage Ux 
applied to the plates of the electric lens was chosen so that after passing through slits S, and Sp, the beam 
would give a maximum current at the detector. 


When the position of the beam Is fixed, the potential across the plates of the electric lens is changed by 
an amount AU, unul the beam at the center is between the wires, The distance AY through which the beam 
has moved {s then determined from AU, by the relation 


AY =r,,8(1—cos V2, 


When UK Is changed by AUx, the beain passes between the wires so that AY = 0, From this we obtain 
the angle «x3 


. 
- 
= 
i 
j 
ae i 
{ 
= 
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23 (1— cos ¥ 20, 
2%, 


Thus if we know ey for a given Tye (distance from slit S; to the aperture slit S,), we can deterinine the 
distance 4x through which the input slit with the fon source must be moved perpendicular to the direction of 


the beam, Only in this way will the trajectory of the fon beam rigorously satisfy the requirements of double 
focusing. 


EXPERIMENTAL RESULTS 
The isotope N“™, The inass of N™ was measured from the following doublets; 


Ni —O', Nit C"H,. 
Nit CUN"H,, N“H, —C"H,, 
The valucs of AM obtained from these doublets are shown in Table 1.¢ 


TABLE 1 TABLE 4 


Atomic Tass of Cy 
Doublet in 107 Mean value Doubler amu 
| 
| £7 12.578 +4 
| 12.574 +4 
Mean value 13.007491 +3 
23.802 + 16 
Nie 11.241 £5 41 24145 
TABLE 5 
TABLE 2 : | 2 Mean value of AM 
Doubler |4M * all measure - | 
Atomic mass of " ments in 10 am 
Doublet Cu 
+4 
(Af = 14) C1, 4,468 +5 43 
(Af = 16) 14.007526 + 6 4,471 £9 
Ni*— (Af == 28) 
TADLE 6 
=1 
Doublet Atomic mass of Nis, amu 
(M = 28) 14.007530 + 5 
15.004890 + 7 
Mean value 14.007527 + 3 — 15.004885 + 8 
15.004888 + 9 
TABLE 3 —N" Il, 15.0048 +9 
Doublet 4M in 107% amu l Mean value 15 OOA890 + 4 
13.037 +9 
8 The atomic mass of N™ as determined from 
+5 these doublets is prescnted in Table 2, In calculating 


the atomic mass of N™, we used the masses of C® 


*In all the tables the experimental error is given in 10 anw, 


rae 
; 


Fig. 2. Photographs of mass-spectrographic doublets: a) the doublet C?H,—N™ (x55); b) the doublet 
N“H—-C"H, (x65); c) the wiplet —N4H, (x45); the triplet (x65); 
the doublet C?—C7H (x35). 


and H as determined previously by the authors [4], namely 
M(C') = 12.00382045. = 1.00814741. 


The isotope C¥. The atomic mass of C was measured by introducing into the gas discharge region of 
the source a mixiure of helium and methane enriched to 5-6% of C¥, 


The atomic mass of C® was determined from the doublets 


The values of AM for these doublets are shown in Table 3. 
The values of the atomic mass of C® obtained from these doublets are shown in Table 4, 


The isotope N™, The atomic mass of N“ was measured by filling the fon source with a mixture of He* 
(80%), NHs (10%), CH, (10%) and using the following set of doublets: 


NSH, —O'H, NH, —N'H,, 
N_CHH,, 


The values of AM for these doublets are shown in Table 5. 


The corresponding values for the atomic mass of N** are shown in Table 6, 
Several mass-spectrograph photographs of the doublets are shown in Figure 2, 


DISCUSSION OF THE RESULTS 
Tables 7 and 8 show the atomic masses of C, N* and N™ as recently obtained both by mass-spectro- 


- 
2 . 
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and 


TABLE 


gtaphic means and from nuclear reaction data, It is seen from Table 7 that the results of the present work are 
in good agreeinent with those of Nier and co-workers (S], but _— differ from those of Ewald (6) and of Ogata 


Atomic Masses of ni and N¥ as Obtained by Measurements, amu. 


Author 


M (N16) M (N18) 


Ewald (1951) (6) 
Ogata and (1953) (7) 
Kettner (1955) [12 
Nier and co-workers(1956){5} 
Our results 


13 007538 + 14 
13.007505 + 12 
13.007511 + 41 
13.007492 + 0,9 
13.007491 + 3° 


14.007525 + 15 15.004928 4 20 
14.007350 15.004902 9 
14. 8 15.004875 + 5 
14.0075263 + 0, 15.004873 + 0,4 
14.007527 £ 4 15.004890 + 5 


TABLE 8 


Atomic Masses of C®, N™ and N® from Nuclear Reaction Data, amu 


Author 


M (C13) 


M (N14) M 


Li (1951-1952) (8 
Wapsura (1955) [9 
Drummond (1955) [10] 


13.007473 + 14 
13.007478 + 5 
13.0074935 + 2,8 


14.007515 + 14 15.004863 4 12 
14.007520 +3 15.004962 +5 
14.0075270 + 2,2 15.004883 + 5 


Our results 


13.007491 +. 3 


15.004890 + 5 


14.007527 + 4 


TABLE 9 


Type of reaction 


M (C13) 


C'3(n, 1) 


13.007472 +8 
13.007475 46 


Our results . 


13.007491 +3 


In addition (Table 8),our results and Nier’s 
(5) are higher than the averaged values of Li (8) 
and Wapstra (9), as calculated from nuclear rcac- 
dons, as well as those of Drummond [10], which 
are obtained by statistical analysis of mass-spec- 
truscopic and nuclear-reaction data, We note the 
fact that both in the prescnt we-k and {n the most 
tecent measurements of Nier, whose results agree 
within the Limits of experimental error, the re- 
sults obtained are all internally consistent, This 
agrecinent for the atomic masses of isotopes ob- 


tained independently on n two separate instruments and with internal consistency gives reason to be eve that this 


data Is reliable. 


In all probability the differences between the atomic masses of C®, n* and N¥ as obtained in the present 
work and as calculated from nuclear reactions must be explained by the inaccurate measurements of the Q- 
values used in calculating both the masses of the parent isotopes ng, EH, D, He* and C®, as well as the {sotopes 
C4, N% and NYS, For instance, for good agreement between the Q-values for the (n, and C?(d, 
_ teactlons, the experimentally obtained and theoretically calculated values for the atomic mass of C® differ 
by more thin the statistical crror of measurement (Table 9). This is explained by the different masscs of the 
parent fsotopes, in particular of C® (4). 


In those cases when the masses of the parent Isotopes ate in agreement, as for instance in the o*(n,a)C® 
reaction, there is unfortunately a large error in the measured Q-value, so large, as a matter of fact, that the 
atomic mass of C™ differs not only from our value but also from values obtained from nuclear reaction data. 


For N%, the somewhat high disagreement of the Q-values for the O'*(d, a) N™ reaction Is compensated by 


the differences in the atomic masses of D and He‘, so that in the final analysis the disagreement in the N* mass 
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TABLE 10 
_Q-Values for 


Oevalue as calculated 


TABLE 


Comparison of the Values for the Atomic Mass of C9 


Kinse (1953) [13] 4.949 +0,006 4.U8+ 0.006 
Hatner 1951) [14] 2.7224 0,003 2.72240.006 
p) ct Famularo (1993) 2.722+4-0,004 2.722-+0.006 
C3 (p, 7) Lauritsen (1940) [16] 7.6240,08 7.548 + 0.005 
C'3(d, n) N' Mandeville 41950) [17] 5.174+0,05 5.3224 0.006 
n) Jones 1951) [18] 2.06+ 0,16 2.21440 00% 
Malm = (19514) [19] 7.681 $0,009 
O'*(n, Huber (1951) [20] —2,38+0,16 —2.214+0.006 


Atomic mass of Cy in 
Reaction Author af Atomic mass of Cig 
12 13 53) 113 C2? +-1.00367046 13.007473+8 
C*(n, Kinsey (1953) [13] 8) 
Ci (d, p) Hatner (1951) [14] 13.00747546 
pyc? Famularo (1953) [15] 13.007475+46 
C!3(p, 7) Lauritsen (1940) [16] 13.007358 +80 
C'3(d, n)N'* Mandeville (1950) [17] 13.007318+50 
C'3(2, n)O' Jones (1951) [18] 13.007325+ 160 
N'9(d, Malm (1951) [19] 13.0074804 10 
0'*(n, a) 1951) [20 160 13.007669+ 160 
(n, a) Huber (1954) [20] (2: 9925003) 
Our data 13. 00749143 
TABLE 12 : 
Q-Values for N™ 
Q-value as calculated 
ee Author Q-value, Mev from our data 
N?#(n, 7) Kinsey 1953) 10 832+40.008 10.822+0 006 
a)C!? Holloway (1940) [22] 13.390.08 13.568+0.008 
N'#(d, p) Mileikowsky £1952) (23) 8.613+0.011 8.596+0,.007 
van Patter (1954) 8.6144 0.007 8.596+0.007 
(p, 1) Liuritsen (1940) [16 7.62+0.08 7.548+0,005 
C'3(d,n) Mandeville [17 5.17$0.05° 5.322+0.005 
O'*(d, a) Famularo 1953) [15] 3.1194 0.005 3.10740 006 
(d, «) van Patter (1994) [11] 3.11540.002 3.1070.006 


les within the Umits of statistical error, The value of M(N™) obtained from other reactions disagree among 
themselves, to a great extent, as well as with our data, 
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TABLE 13 
Comparison of the Values for the Atomic Mass of N“ 


Reaction Author ce i Atomic mass of Ny 
(a, 7) Kinsey (1953) [21] 14,0075094.11 
a) Holloway (1940) [22] 44.007306410 
N‘*(d, p) Nis Mileikowsky (1952) [23] 
N!4(d, p) van Patter (1954) (11) © 14.007518+9 
C'3(p, 7) Lauritsen (1940) [16] 14.007440480 
C!9(d, n) N** Mandeville (1950) [17] one 14.007680450 
(4, a) Famularo (1953) On 14.00751845 
O'*(d, a) N** van Patter (1954) [11] O'#—1.992478+43 14.00752243 
(1.99247344) 
Our data 14,00752744 


TABLE 14 
Q-Values for N™ 


Reaction Author Q-value, Mev 

C!3 (a, p) van Patter (1954) —4.9614+0.005 —4.9724+0.008 

N14 (n. 7) Kinsey (21953) [21 10.83240.008 10.8224 0.006 - 
N!4(d. p) van Patter GIT 8.614+0.007 8.596 40.007 

N'4(d. Nis (1952) (23) 8.61340.011 8.596+0.007 

N!9(p. a) Li (1951) [8)} 4.961+0.003 4.97240.008 

N!8(d. a) C!3 Malm (1951) [19 7.681+0.009 7.694+0.007 
Worth 10.900+0.5 9.908+0.005 

TABLE 15 


Comparison of the Values for the Atomic Mass of N¥ 


Atomic mass of Nig in 
Reaction Author of Atomic mass of Nug 
(a, p) N38 P 1954) [11 45.004859+46 
C** (a. p) N an Patter ( ) (11) 
7) nsey (1953) (21] N'40,997353+8 415.004873+49 
(0.997363 +6) 
N*4(d. p) an Patter (1954) (11} 15.00486448 
16 (d. leiko 5 15.004863441 
(1951) (8) (3.00107047) 
«) Malm (1951) (19} 45.004860+410 
Worth (1950) (24) .9940444 500 45.0059564500 
(0.951105) 
* Our data | 45.004890+45 


Tables 10, 12 and 14 givo the Q-values as obtained from nuclear reactions [11] and as calculated from 
our data, As can be seen fron: Tables 11, 13 and 15, evon when there fs good agreement for the Q-values, due 
to the disagrocment in the masses of the parent isotopes, the niasses of tho resulting isotopes do not agree, 
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Comparison of the results of various nuclear reactions show that the disuribution of the fsotops mass 


values as calculated froin these reactions fs quite high, The corresponding disagreements are well outside of 
the Limits of s:atistical error. 


The question of how to perform dre averaging and how to choos: the final data in order to determine 130- 
tope masses from reaction data requires further investigation, 


Iu conclusion the authors express their gratitude to LG, Gvertseteli and V.K. Tskhakala for making avail: 
able the enriched C® tsotope, as well as to P.S. Brostiuk and M.I. Dzkula for practical help with the work. 
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LETTERS TO THE EDITOR 


A LINEAR-CYCLIC ACCELERATOR 


D.M. Zorin, O.S. Milovanov and A.V. Shalnov 


Current near accelerators are technically highly developed instuments, but the acceleration length must 
be large and the high-frequency source power correspondingly high if high energies are required. This is because 
the accelerated particles pass dirough the high-frequency field only once. The high cnergy transfer obtainabie 
in a lincar accelerator would enable one to balance the radiation losses easily if it were used as a resonator in a 
cyclic accelerator, The use of a linear accelerator as a resonator iu systems where the magnetic field increases 
with dine (synchrotron) is difficult because very high rates of change of magnetic field are required. 


In 1954 Valdner (1) proposed a design in which a linear accelerator was used repeatedly. This was termed 
a “linear-cyclic® accelerator (elutron). Like the microtron [2] it uses the nwluple resonance principle, and dif- 
fers fromm the microtron with sectional magnets previously proposed by Suringer (3), using a reversing magnetic 


system, The elutron design differs from the above in that high maguectic fields can be used (as will be shown 
below) and that the weight of the reversing system Is reduced, 


2 The elutron contains two linear accelerators 
I and a system of magnetic deflectors which cause 
particles of different cnergies to pass along the 
near accelerator axes, and an Injector which in- 


: H jects relativistic electrons into the orbit (see fig- 
4 ure), The magnet system contains four magnets, 
Ha cach deflecting the beam through 90°. A uniform 
: steady magnetic field acts normal to the orbit 
plane, the particle paths being at 45° to the cdges 
of the magnetic deflectors, If the Icakage field 
is neglected the relativistic particles describe a 
Scheme of die Unear-cyclic accelerator; 1) magnet 
fe deflectors; 2) linear accelerators; 3) injector lin- R= E/ell, () 
cart acceleratur; 4) ek:ctron wajectorics; 5) magnet- 


where is the ch:ctronic charge, Hs the magnet- 
ic fleld strength, and E the total energy of an 
electron, 


Particles of varying cnergics describe quarter-circles of radil defined by (1), and emerge as a broad beam 


fron the first deflector, The second deflector Is at 45° to the axis of this beam and turns it through 90°, focus- 
ing de pardcles into a narrow beain. 


By using a second analogous system of magnetic deflectors, particles with various energies can be con- 
strained to move In Closed orbits arranged around the axes of the Uncar accelerators. If the accelerator is to 
accelerate particles of various energies, the specd of propagation of the acce erating wave in the waveguide . 
must be equal to dhat of light. When such a system is used to accelerate particles there has to be a definite rela- 
don between the generator frequency and the thie taken to averse the orbit. 


It may readily be shown that the requisite encryy increment in an orbital accelerator is given by 


: 
sag 
@ 


where m bs an integer, and X fs the generator wavelength, 


This celation shows that the magnetic fleld strength depends on the encegy {ncrenient in the Unear accel- 
erators and can be of the same order as in other accelerators, 


A study of the accelerator’s phase properties shows that the phase oscillation equation fs similar to that 
foe the microtron, The linear accelerators can be replaced by equivalent resonators, 


Computations on the partic'. motions by Sternheimer’s method [4] show that the motion in this system 
can be stable if the focusing propertics of the keakage field and four quadrupole magnetic lenses at the linear 
accelerator inputs and outputs are used, 


A deflector is used to inject electrons into the orbit. 


Tne above linear-cyclic accelerator design is of definite interest. A preliminary theoretical analysis of 
the accelerator operation slows tiat a number of problems must be resolved by experiment. It is proposed to 
perform the experiments on a model under construction which would accelerate electrons to 20 Mev. 
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THE NEUTRON-CAPTURE SEQUENCE IN ANTIMONY 


A.N. Murin, V.D. Nefedov, D.K. Popov and V.I. Baranovsky 


When antimony {s irradiated tn a sufficiently high neutron flux double neutron capture can occur, 


(n, 7) 
Sb'? spite (7 2.7 1 
b Sb'*4 (7 =2,7years (1) 


decays by B-emission to Te™5™ (58 days) which is an isomer of stable Te™* (1). Antimony spuci- 
mens {radiated for a year (to allow enough Te®5™ to accumulate) gave Te™®™ on working-up. Stable Te was 
used as cartler, Tellurium metal was scparated fromm anumony by reduction with stannous chloride. A high 
Te®s™ activity was observed in die separated tellurium, identified from the half-life (S7 4 4 days), from its 
accumuladon {n the antimony, and from the absorption curve in aluminium for the internal conversion elec- 
trons, which agreed with the published one [2]. Thus, we may assume the above double capture scquence as 
proven, 


An attempt was made to estimate the capture cross section of Sb™ for pile neutrons, The decay rates 
of So™ and Sb" at the end of irradiation were determined by the defined solid angle method (the latter from 
the Te”5™ activity), The activation cross section for Sb caiculated in this Way was about 2-10? barn. 
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EXPERIMENTAL DETERMINATION OF THE YIELD OF 


Y-RADIATION FROM EXTENDED SOURCES 


E.E. Kovalev, V.I. Popov, L.N. Smirenny and Yu.S. Khokhlov 


In many cases, {t is necessary to know the yield of y -tadiation from sources of different shapes and 
often of fairly large dimensions (“extended sources” of y-radiation). Such a problem arises, ¢.g., in the use of 
sources of y-radiation for irradiation, in designing shields for apparatus used in the radiochemical industry, ete, 


2s 30 3S 40 5 50 


Fig. 1. Modcling of a source distribut:d over a cir- 
cumfcrence, The solid line curve was obtained by 
calculation; the points represent experimental results, 


50 100 150 #00 ad 
Fig. 2. Modeling of a hollow cylindrical source. 
The solid line curve was obtained by calculadion; 
the points represent experiinental results, 


The variety cf shapes, ditnensions and condi- 
tions of use of extended sources. necessitates sult- 
able experlinents in each particular case. It is ob- 
vious that this inay be difficult. Indeed, a number 
of factors which deterinine the yield of y -tadiators 
are operative jointly. In many cases, where it is 
necessary to take into account, for instance, the in- 
fluence of the geometric factor, it is equally neces- 
sary to allow for the effect of self-absorption and 
multiple scattering of the y -tadiation in the source, 
This means that actual extended sources cannot be 
used for determining experimentally the manner in 
which the factors influencing the yield of y-radia- 
tion depend upon the parameters of the source, 


In the method propused, which is based on 
the construction of a model of the extended source, 
the influence of any one factor on the yield of y- 
radiation can be investigated individually by ex- 
perinent. The method can be applied to any ex- 
tended of disuibuted source, provided it ts possible 
to find a differential clement (volume, surface, 
etc,), the moveinent of which In space reproduces 
the total volume of the extended source of the sur- 
face of the distributed source, 


It fs of particular interest to know the yield 
of y-tadiation of extended or distributed sources 
which are solids o7 ‘igures of revolution, 


We shall consider In the first place the model 
of an extended source without self-absorption or 
multiple scattering. 


For a given extended source, there is a dif- 
ferential element of volume, the rotation of which 
about the axis of the source will reproduce the 
total volume of the source, If the element of vol- 


. 
° 
| 
: 
3 
3 
3 
a 
; 
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ume {s selected so that self-absorption and mule © 
<== uple scattering of y-radiation in {t can be neg- 
lected (and obviously this can always be done), 
the model of the body of revolution will be free 
from these factors. The yield of y-radiation 


units 


i 


aw froin such a body of revolution will be determine,’ 
ne20 solely by the geometric factor. 
=" The application of this model method to 


some sample forms of source will be considered. 
If the radioactive substance fs distributed uni- 
formly overt a circunifercnce or a cylindrical sur- 
face, models cf such sources can be made in the 
first place by the rotation of a point source and 


in the second case by that of a line source of a 
length equal to the height of the cylinder. A model of a solid cylindrical source without self-absorption and 


multiple scattering, can be made by rotating a cylindrical sector of sinall angle of aperture about the axts of 
the cylinder. The angle is selected so that self-absorption and multiple scattering of the y -radiation in the 
cylindrical sector can be ignored. Furthermore, if the activity of the element of revolution Is equal to the total 
activity of the modeled source, the dose of y-radiation at any point for a given interval of ime will be the 
same in both cases, It fs also obvious that the dose of y-radiation does not depend upon the number of revolu- 


tions or the speed of rotation of the model if, during the period of measurement of the dose, a whole number of 
revolutions {s made and the rotation Is uniform. 


Fig. 3. Modeling of a solid cylindrical source. 
Solid line curves obtained by calculation; the points 
represent experimental results, 


The model method may also be employed for Investigating the iafluence of self-absorption and multipie 
scattering on the yleld of y-radiation from an extended source. In this case, the rotation of the model, for ex- 


ainple a cylindrical sector, should take place In a cylindrical container of corresponding dimensions, filled 
with an absorbent and scaticring inactive medium, 


The experiments we have made to assess dic model method have given satisfactory results and confirmed 
the possibility of udilizing the method in practice. Figure 1 shows the results of making a model of a source 
distributed over a circuinference, The dose of y-radiation was measured at a distance b = 100 cm from the 
center of rotation in the plane of rotation. Co™ was used as source of y-radiation. For comparison, Figure 1 
shows the calculated curve for the dose of y-radiation from a source distributed over a circumference plotted 
against the radius R of the circumference. In both cases, the unit is the dose of y-radiation at the point b = 
= 100 cm for R = 25 cin, It will be seen from Figure 1, the agreement between these results Is perfectly sat- 
{sfactory within the Umits of experimental error, which was about 5% in all the experiments described, 


Figure 2 shows similar results for a source distributed over a cylindrical surface (hollow cylinder), In 
this case, the model was made by rotation of a line source (a thin-walled tube, diameter 2 mm, filled with a 
solution of a salt of Co™ in water) of a length equal to the hefght of the cylinder (h = 50 cm) about the axis 
of a cylinder of radius R = 50 cm. For comparison, Figure 2 gives the calculated curve for the dose of y-tadi- 
ation from a hollow cylindrical source (h > 50 cm, R = 50 cm) plotted against distance to the center of the 


source. In this case also, satisfactory agreement may be observed between the expcrimental results and cal- 
culation, 


Finally, Figure 3 compares the experimental results with the calculated values of the dose of y-radiation 
for a solid cylindrical source (R = 50 cm) without self-absorption. In this case, the model was made by means 
of a wssel in the form of a cylindrical sector made of plexiglass, having an angle of aperture of abvut 1.5° and 
a tadius of 50 cm. This vessel was filled with a solution of a salt of Co™ in water. The calculated curves show 
the depu..Jence of the dose of y-radlation upon the distance b to the axis of the cylinder in the basal plane of 
the cylinder for different values of its height h. The unit is the dose of y -tadiation for b = 300 cm andh = 


= 10cm, In this case also, the agreement between the experimental data and the calculated results can be te 
garded as satisfactory, 
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THE EFFECT OF EXTENT OF PLANE SOURCE ON THE 
ATTENUATION OF y-RAYS IN SHIELDING 


E.E. Kovalev and D.P. Osanov 


All sources of y -radiation that are encountered in practice are to some degree cxtcnded sources, that Is, 
they often possess appreciable dimensions, To such sources of radiation may ve referred the core of a reactor, 
elemens of the cooling system of the reactor, apparatus employed in radiochemisuy and so on, 


Although the einission of radiation from sources of this type, at least for the more simple geomcti Is 
known, the law for attenuation of y-radiation froin extended sources with consideration of nuultiple scattering 
in shielding, has not up to now becn established [1]. It is of intetest, to theoretically evaluate the effect of the 


Fig. 1. Calculation of attenuation of y- 
radiation from a disc with multiple scat- 
tering in the shield considered. 


10 20 90 50 60 
degrees 


Fig. 2, Relative attenuation factor for y- 
tadiation for various thicknesses of shield- 
ing materials with low and nedium Z, 


extent of a source on the attenuation of y-radiation, This ts 
particularly desirable because the law of attenuation for a point 
source yields the lowest rate of reduction of tadiaticn dose rate 
in shielding, and therefore the consideration of the effect of 
source geometry will allow a decrease in shie!d thickness (2). 


The basic difficulty of a theoretical consideration of y- 
ray attenuation from a gcometuic source, with consideration 
of inultiple scattering In shielding, ts occasioned by the cir- 
cumstance that the build-up factor, B, is a complicated func- 
tion of the quantity 9X (ug is the absorption coefficient for y- 
radiation, that Is, the sum of macroscopic cross sections for 
photuelectric cffect, Compton effect, and pair production, and 
x is the thickness of shield), the atomic number of the shield 
material Z, and of hv, the y-tay energy. In some cases there 
are no analytical expressions for radiation emission of geomet- 
ric sources even without consideration of multiple scattering. 


For several source geomenies there are analytical expres- 
sions not only for emission of y-tays, but also for the law of at- 
tenuation (without consideration of multiple scattering) of y= 
tays in shielding. (Line, disc and some other sources.) It Is pose 
sible to theoretically analyze the attenuation of y-rays for 
these sources with consideration of source geometry and mul- 
tiple Compton scattering in shiclding, if the complex relation 
B = B(y9x, Z, hv) can be stated in analytical form. 


A series of works (3, 4] give approximated analytical exe 
pressions, for the build-up factor of point Isotropic sources in 
infinite modia, of the Linear form (B = 8° wx) and of the ex- 
ponendal form (B = B (y9x)*) functions of the shield thickness, 
Representation of the build-up factor by a Unear function of the 
shield thickness is justifiable for small thicknesses, intermediate 
and heavy elements, and encrgics of radiation from 1 to 4 Mev 
(5}. In Light elements the build-up factor rises more rapidly 
than fs represented by a linear function, In these cases it Is pos- 


Y 
Up 
£ 
> 
4S 
70 
680 


. sible to use the exponential cf the form B = 8 (j14x)*, where B, 
Ps ee. above, dupends on the energy and on the atomic number of 
the material, However, both of these expressions are corrent 


‘only for smail values of and are usable in sinall intervals of 
values of Z and hy. 


A more universal ongeouten for build-up factor is the form 


Ba 


where Ay = Aj(hy,Z); ag = ay(hy, Z). 


It has been established (6), that it fs possible, without great 
Kss of accuracy to Emit the evaluation to only two terms of this 
summation 


10-20 30 #0 50 60 


Po, degrees 


Fig. 3. Relative attenuation factor for 


y “tays of 0.5 Mev energy in various Ay = 1- Ay 
Idi 
pig 5 — a An approach of this type ensures a wide Interval of values 


for Z, jx and hy in which the build-up factors apply (5}. ° 


Below are given the results of our theoretical analysis of 
the effect of extent of a plane source, in the forin of an infinite 
of thin disc, on the attenuation of y -radiation in shielding with 
* consideration of multiple scattering. For this we used an expres 
+. sion for the build-up factor in the forin of a sum of exponentials. 


Let us examine the emitting disc of radius R, immersed in 
an infinite absorbing and scattering mediuin with absorption co- 
officient of pe (Figure 1), whose extent is measured by the angle 


The y-doss rate P, at a point a distance x from the disc 
and lying on the norinal to the disc at its centcr, with multiple 
scattering considcred, can be represented in the following form; 


7 20 100 
Thickness of concrete x, em tg ye dp, (3) 


Fig. 4. Relative attenuation factor for 


y -tays of various energies vs, concrete where Py is the y-lsotope constant; 9 Is the surface activity den- 
thickness ¥ = 50°, sity. 


2 Since in this case both the source and given point are in 
an » infinite inedium, we can use the analytical expression for build-up factor B in the form of a sum of exponen- 
thals. Introducing (2) and (3) and using the exponential integral functions Ej(—x), we get: 


Pm (Ay [Ey soe — Ey (—p's)} + (1— Ai) [Bi (— see Yo) — Ey (4) 
where = (1+ ayy, and = (1 + ag) pe 


In the special cose when B = 1 (cg = ag = 0) which corresponds to neglect of multiple scattering, we ob- 
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Fig. 5. Attenuation factor as a function of concrete thick- 
ness for point source and disc emitter, 


tain the well-known formula for emission of a disc Inunersed in absorbing medium (1). Defining the attenua- 
tion factor k in the shielding as the ratio of y -dose rate at the given point without shielding, to the dose rate 
at the same point with shielding, we can write 


In ree be 5 
A, [Eq (—p'z sce — Ey ( — + (1—Ay) [Ey sre Yo) (5) 


This expression contains the tabulated functions Ey(—x) and the tabulated values Ay, oy and og (6). 


We evaluated[by means of Equation (5}} the attenuation factors for several materials (water, concrete, 
fron and lead) with energics of y-rays from 9.5 to 3.0 Mev. The results of the calculations are shown in Figures 
2 5, Along the ordinates of Figures 2 to 4 arc plotted the relationships of attenuation factors k for a dise to 
the attenuation factors ky for a point source, with nuluple scattering considered in both cases. This radio will 
further be called the relative attenuation factor. Introduction of the valuc k/ks gives the opportunity to plot 
curves for various 9x to one scale, which is convenlent for comparisons and evaluations of effect of extent of 
the source dise. This also allows (using the plotted curves and the well-known values of attenuation factors for 
point sources) the slinplo identification of attenuation factors for the source disc (for point source k/ky = 1). In 
addition, this choice of coordinates allowed plotting one graph for all shielding materials with low and medium 
values of Z, since the dependence of attenuation factor on atomic number of the material (up to Z = 26 inclu- 
sive) and on energy of y -tadiation (in the Interval hy froin 0.5 to 3,0 Mev) was found to be invalid. Maximum 
divergence of values of relative attenuation factors, for various materials and energies in the Indicated range, 
does not exceed 15% for large angles pe This condition allows the use, in practice, of the same graph fos most 
shielding materials, 


With the ald of Figure 2 it Is possible to draw some conclusions on the effect of extent of the source on 
the attenuation factor for y -tays in shiclding. Let us consider in the following that the effect of extent of the 
source is tangible If the relative attenuation factor k/kg = 1.2, that ds, if the attenuation of the y-radiation 
from a disc is 20% greater than the attenuation of the radiation from a point source, From the curves of Figure 
2, we see that the effect of source extent Is tangible for shield thicknesses gx = 1 when ¢q = 55°, for pgx = 2 
when %» 2 40° andetc. Conversely, for valucs of angle %, less than indicated above, the source disc can be 
considered as a point source, So, for example, for shivld thickness pax + 10 and angle pe, = 45°, k/ky = 4. 
This means that the attenuation of the radiation from a disc, viewed froin a point at distance pex = 10 from 
its center at an angle of » = 45°, is 4 thes greater than the attenuation of y-radiation froin a puint source. 
On the other hand, for yx = 2 and He = 30°, k/ke — 1.1, that ds the attenuation of the radiation from a disc 
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is alinost Identical with the attenuation of y-radiation from a point source. 


In Figure 3 are shown cirves of relative attenuation factors for —— of 0.5 Mev energy, in various 
shiclding matertab of equas thickness (5 cm). 


In Figure 4 are shown curves of relative atwnuation factors of ‘y-tays with various energies hy versus 
thickness of concrete. Ail curves are for the angle p, = 50°. 


The nature of the curves of Figures 2 to 4 can be explained in the following manner. As the disc dimen- 
sions increase (increase of $4) the celative importance of so-called “slant” rays increases. The greater attenu- 
ation of slant rays produces the effect that the attenuation factor for the disc overall increases as conipared to 
a point source. Also the relative attenuation factor increases as $, increases, Inclusion of the effect of mul- 
tiple scattccing always results in a reduction of the attenuation factor. But the effect of multiple scattering on 
the attenuation of y-tays from a disc source is different from the effect on attenuation of rays from a point 
source. In the disc case diere are slant rays which pass through relatively large distances in shielding, which 
results in incesased effect of multiple scattering. Therefore, the relative attenuation factor, with multiple 


scattcring considered, grows smaller, and the more so as the build-up factor for the medium Increases and as 
the y -tay energy increaws, 


With these considerations it is easy to explain the aend of the curves in Figures 3 and 4. It is indeed true 
that the relative attenuation factor for equal thicknesses of different shielding materials is smaller the greater 
the build-up factor for the material (Figure 3), and the greater the energy of the y -rays (Figure 4). 


In Figure 5 the curves of the attenuation factor of a disc and a point source are compared and the cffect 
of multiple scattering on both attenuation factors is shown, The curves are for concrete shicld material and 


y-tay encrgics of 0.5 Nicv, and are plotted on a semilogarithmic scale. The calculations were carried out ac- 
cording to the following formulas: 


a) for point source without consideration of multiple scattering (Curve 1) 
k = cexp(y9x); 


b) for disc source, subtended from the given detector point by the angle #, without consideration of 
‘multiple scattering (Curve 2 for p» == 10° and Curve 3 for , = 60°) 


In sec He 


c) for point source with consideration of multiple scattering (Curve 4) 
k = 


For a disc subtended by the angle y, taking multiple scattering into consideration Curve 5 for ~, = 10°, and 
Curve 6 for #_ = 60°) the Formula (5) was used, 


Comparison of corresponding curves (1 with 3 and 4 with 6) for » = 60°, shows that the cffect of the exe 
tent of a plane source is exhibited by the rise in the attenuation factor to four times the value of the attenua- 
tion factor for a point source, at concrete thickness of x = 20cm, and Its further uninterrupted rise. In the saine 
manner ft is scen that with #» = 10° the attenuation of y-rays from a disc follows the law of y-ray attenuation 
for a point source for any shield diickness. In addition, 3 comparison of Curves 1 and 4, and Curves 3 and 6 
shows that the effect of multiple scattering on the attenuation factor In the case of a disc corresponding to an 


angle of ¢, = 60°, because of the slant rays, is 10 w 15% higher than for a point source, and coincides with the 
point source at p, = 10°, 


In this manner, the curves of Figure 5 clearly affirm that the extent of a plane source affects the attenu- 
ation factor for y-rays in two opposite ways: the presence of slant rays in itself increases the attenuation fac- 


tor as compared to a point source, and the multiple scattering of slant rays lessens the attenuation factor con- 
siderably more suongly than in the case of a point source, 


The results shown above may be used for the evaluation of the effect of geometric extent of a source on 
the attenuation of y -tays with consideration of muldple scattering in the shielding, and in some cases (for emit- 


ters having disc geometry), for the introduction of the propur corrections in practical calculations of shielding 


The authors thank G.M, Demidenko and C.F, Ryzhunko for afd in making the calculations, 
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NEW DESIGNS FOR EXTRACTION COLUMNS WITH INJECTION =. 


C.M. Karpacheva, L.P. Khorkhorina and S.F. Medvedev? 


The 2evelopment of extraction technology, the separation and extraction of substances from solution, has 
created the task for designers of producing high output extraction apparats, 


A detailed survey of existing foreign apparatus was presented in a serics of articles by Pratt [1] and Treibl 
(2, 3}. 


Injection and packed extraction columns are attractive by their simplicity and low cost of operation, but 
. In many cases the extraction effectiveness in such columns is not sauisfactory, and the height of the column 
necessary for the process is often considerable thus incurring increased capital costs, Because of this, it Is,in 
many Cases, necessary to inake a choice of design in favor of mechanical separators, 


In shell type, Injection extraction columns, the mass transfer surface Ls formed as a cesult of the disper- 
sion of onc of the liquids, 


In glass columns it is possible to observe how,in the region of the injector,small drops (fog) are focmed, 


and how, as they rise, they combine and grow larger, thus sharply reducing the mass transfer surface and, con- 
sequently, the effectiveness of the process, 


The process of extraction In injection columns was studied by many Investigators [4-15], who showed 
that these columns work very effectively within a sinall region, 200-300 inm high, of the Injector, that Is, at 


the moment of dispersion of the liquid, Above this region the performance of the column becomes kss effcct- 
ive. 


In the Injection colu:nns alrcady butit [1] it was not possible to obtain more than two perfect plates, at 
a height of 15 m. 


It should be mentioned that the effectiveness of the column along Its height is suongly dependent on the 
viscosity and surface tension of the dispersed Uquid, For viscous Uquids the coalescence Is slowed down; there= 
fore injection colunins can have relatively high effectiveness at heights of even scveral meters, 


The creation of an extractor in which not only de ligh effectiveness near the Injector at the time of 
dispersion could be used, but one in which the effectiveness ls maintained at greater heights (orelengths) of the 
extractor, Is a very interesting problem. The solution to the problem was found with the ald of a column with 
cross flow of Uquics; this column we called a stage extraction column, Another solution of the probken Is 
found in a column with several injectors and *reversal® of phases, 


A. Stage Column 


Extzaction columns usually work on the principle of counter flow (1,2): the heavy lquid enters the col- 
uinn at the top and leaves at the button), the light liquid riscs to the top, In some mechanical extractors of the 
mixing -settling type, cross flow is used, that Is, the aqueous solution consecutively passes through several mixe 
ers and in each one conws in contact with fresh batches of solvent. A comparable principle was used In the 
stage column we developed, the schematic of which Is shown in Figure lt. The original solution passes consec- 
utlvely through all the stagus (elements) of the colunin, each one of them receiving fresh extracting agent from 


“In testing of the columns the followiny wore participants; Engineurs KA, Dyanina, E.P, Rodionov and LM, 
Maluev, 
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Fig. 1. Six stage column: 1) intake of aqucous solu- 

tion; 2) outlet for organic solution; 3) outlet for Fig. 2. Scheme for testing the colunms; 1) six stage 

aqueous solution; 4) intake of organic solution. coluinn; 1a) two injector column; 2,3) feed tanks; 
4, 5) storage volumes-containers. 


one common collector through the injectors. Having passed one stage, the solvent is gathered in another col- 
lector. If we designate Vorg as the volume of solvent passing to de extractor, and N as the number of stages 
in the coluinn, then each stage will reccive Vorg/N solvent. Each element or stage of the column fs approxi 
mately cqual to a perfect plate. 


Experiments were carried out according to the scheme shown in Figure 2. Initial aqucous solution of 
uranyl nitrate or acetic acid entered column 1 from feed tank 2. The extracting agent was introduced into the 
bottum of the column froin fecd tank 3. A gauge pressure up to 0.8 atmospheres was maintained constantly in 
the feed tanks. The aqueous solution emerging at the end of die process was collected in container 4; the ex- 
tracting agent, saturated with acetic acid or uranium, In container 5. In testing the stage column, regulation 
of the intake flow of aqueous solution was done by vaives at the entrance to the first stage or at the exit from 
the last stage. The regulation of extracting agent intake is more complicated since besides the required con- 
stant,sum quantity of Mow, the intake of each stage must be maintained constant within the limits of 4 10%, 


The effectiveness of the colunin’s operation was checked by sampling Initial and final solutions aftcr 
steady state operation had been established. Samples were collected every 15-20 minutes, 


Tests were conducted of glass and metal colunms of 23 mim diameter, composed of 1,2 and 6 elements 
(sce Figure 1). The overall height of cach stage was 200 iin, and its working section was 150 min high. The 
extraction was effected by diethyl esters froin aqueous solutions of acetic acid of uranium, Initial acid con- 
centration was 2 mole/liter. The aqueous solution from which the uraniuin was extracted was composed 3s 
follows; NIIgNO, —7.5 mole/liter, 1.0 mole/liter, HINO, — 0.2 mole /Lter, 


The over-all ratio of currents n + Vorg/Vay, for the six stage column was taken as cqual to 3; each 
stage received one sixth of the cstes current, equal to Vorg/Ne and consequently, the ratio of currents for once 
stage Element) was ny = Vorg/Vay = 0.5. : 


The same ratio of currents, ny = 0.5 was used in testing the two stage column and the single -coluimn ele 
Ment. The total voluine of solutions through both phases was 9-10 1°/m* he. 


It was confirmed that cach stage of the single, two and cix stage coluinns is equal to the theoretical, that 
fs, equal to or less than 150 mm. In this manner the design of the new Injection colunin appeared to be quite 
efficctive, 


The basic murit of the newly developed stage coluinn consists of its sinall over-all size and its simplicity 
of construction, 


A dhadvaniag:, particularly noticeable when running the column at Jow rates, Is the plugging-up of the 
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Anjectors which forces stopping of the column. With the ald of filters, the plugging of the Injectors can be elim- 
inated. 


As Was pointed out carlicr, the column was tested on light solvents with low viscositics and surface ten- 
sions, Its adaptauon to viscous solvents like kerosene or tributy!phosphate (TBP) will require sone changes, 
Experiinents on injection cohunns (sce below) have shown that working with TBP thinned with ether or kerosene, 
the size of drops when rising grew slowly, therefore at a height of 3-4 ny it is possible to obtain not one but 2-3 


perfect plates (we table), In this case for a column with 5-6 plates two elements will be enough provided they 
are very high, 


B. Column with Several Injectors and Phasc Reversal 


Another version of column with high effectiveness is dic double injector type and-four injection coluinns, . 
shown in Figures 3 and 4, The distingulshing feature of these columns fs the presence of two continuous and | 
two dispersed phases. Below, whcre the continuous phase is aqucous, the extracting agent {is fed through an in- 
jector, and at the upper part of the coluinn,the solution Is dispersed through an Injector, the solvent acting as 
the continuous phase, There is no Information on the use of such coluinns in Industry. Treibl (3) describes 
similar columns as patcated designs, but does not Indicate that they are actually in use anywhere, 
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Fig. 3. Two injector column; 1) vent; 2) Fig. 4. Four Injector coluinn, 
wlution intake; 3) phase separadion Une; 
4) solvent intake; 5) organic soludion re- 
Recently published material (16) on an injection 
column with two injectors is so sketchy that it bs not 
: possible to put together a clear picture of the opcra- 
uon of this column and to co.1)2re it with another, 


We tested columns 3 and 6 m high, 25 min in dlanwtes, with two Injectors, 


The diameter of the Injector nozzle was 0,3 min (Figure 3). 


Tests of the columns were made with the following systwins; 


1, Water-acetic acid — mixture of tributylphosphate with a saturated hydrocarbon® of ester fraction. The 
acetic acid contwant in water solution was 2 mok:/iwes, 


*thoi} = 170-270°C, 


Test | Tested system Process Column | Rate Extrac- | No. perfect | EPPtie 
No. wight, m he tion: lates m 
1 6 7 99.7 6 .1 
2 30% mixturc TBP + Extraction 4 7 19.2 5 0.6 
+ Tif ester 
Watee-ucany Initraw: — 3 6.5 96.8 1.9 1.6 
4 40% TBP + 60% Extraction 3 6.5 96.8 1.9 1.6 
kee rose nc 3 6.5 98.7 2 1.5 
6 | — 3 6.5 99.2 2.7 1.1 
20% TBP + Extraction 
7 | ester 3 - 6.5 99.97 3 1 
8 | Water-urany Initrate - 6 6 97.3 6 1 
9 40% TBP + GU% Re -extraction 6 12 97.3 4.5 1.3 
10 kerosene 6 12 99.6 6 1 


*Equivalent perfect plate height. 


2. Water -urany nitrate -nittic acid -- mixture of TBP with the same thinners, The concentration of 
UO, (NO,), in the initial aqueous solution was equal to 1.3 mole/liter; HNO, — 2 mole/liter, 


The tests were conducted with the saine scheme (Figure 2). The solutions were fed into a two injector 
column la, When extraction of uranylnitrate or CH COOH from the mixture into the water was performed, 
feed tank 2 was filled with distilled water or weak TINO, (~ 0.05SN). 


From the table it is seen that when extracting acetic acid in three and six meter double Injector columns 
we succecded in obtaining 5 and 6 plates respectively. When extracting uranylnitrate In a three meter column, 
the number of plates was 2-3 (with various compositions of extracting agent) and in test No, 7 practically total 
extraction was achi¢ved On the six mneter column the number of perfect plates in the re-extraction process 
for uranylnitrate was 5-6. In dils inamner, by installing an additional injector and using phase reversal, we 
were able to reach cffective operativn of the injection column at heights equaling 6 plates; the minimum 
beight of a perfect plate in diis case was 0.6-1 m. 


For comparison, using the same systenrs and rates, we tested packed columns of the saine diameter and 
height. It was established that they have about the same EPPI as the two Injector columns, 


Two, three and four Injector columns can be used in processes where the organic phase after extraction 
{s additionally washed with clean water or sone solution, of the aqueous phase is subjected to additional con- 
tolling extraction with fresh extracting agent. 


In this case (.c.,the basic columnhaving two injector) an additional Injector ts placed at the top for 
washing through of the extracting agent, and an additional injector is placed at the bottom for complementary 
extraction (Figure 4). This allows increasing the height of the colunn another 2-3 plates at the lower and up- 
per ends, 
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SCIENCE CHRONICLE 


ALL-UNION CONFERENCE ON RADIOCHEMISTRY 


Radiocheinical research has assumed large proportions in the Sovict Union. In order to provide an oppor- 
tunity for the discussion of the inain probleimsof radioche mistry and the directions in which this science is de- 
veloping, an All-Union Conference was called for March 1957 in Leningrad, About six hundred scientific 
workers from various cities of our country took part in this conference. In the fifty papers presented at the con- 
ference, the main problems of theoretical radiochemistry and the chemisuy of ccrtain radioactive elements 
were considered. The topics included the forms in which small amounts of radioactive substances exist in solu- 
tions and solids, their behavior when coprecipitated with carriers, the laws of distribution between two immis- 


cible phases, the chemistry of technetium, promethium, and the transplutonic elements (americium, curium, 
berke lium, californium, cte.). 


The investigation of the state of radio clements in dilute solution and their behavior when coprecipitated 
with crystalline precipitates constitute the central problem of radiochemistry, on which Sovict scientists have 
been working since 1924 (V.G. Khlopin’s school), The experimental material presented showed that work on 
this problem has developed successfully and has resulted in the necessity of re-examining some of the earlier 
views, As a result of nuinerous experimental investigations, LE. Statik and co-workers established the existence 
of true colloids in the case of substances present in solution at high diludon. This result confirns the view, 
which was for a long time rejected, that radioactive substances found in nature in exuemely low amount form 
true colloidal solutions when the solubility product has been attained, It was shown, moreover, that by a com- 
bination of various methods of investigating colloidal solutions it is possible to determine unequivocally the 


proportion of a substance present in solution, both in the fonized state, and also as true colloids or pseudocol- 
loids, 


Several investigators presented Interesting data on the leaching of daughter radioactive substances from 
minerals and artificial salts, and hypothescs were advanced concerning the form in which radio-clements are 
present In solids (I.E. Starik and co-workers, V.I. Baranov, K.V. Zaborenko and co-workers). 


New theoretical and experimental results were obtained on the coprecipitation of radio elements with 
Crystalline precipitates. Several examples were given to show that anomalous mixed crystals are subject to 
laws that were previously considered to be valid only for true mixed crystals (V.1, Grebenshchikova, E.M, Ioffe). 
It follows that the method, used both here and abroad, of isomorphous coprecipitation for the deterinination of 
valency in substances present in solution in extremely s:nall amounts may sometimes lead to incorrect conclu 
sions, V.N. Bobrova pointed out that the mechanisin of entrainment depends not only on experimental condi- 
tions, as was considered previously, but also on the properties of the macrocomponent. 


Values of crystallization coefficients obtained by the classical mcthods of V.G. Khlopin have been udl- 
ized in many systems for the improvement of the technology of preparing pure reagents (G.I. Gorshtein), 


From the paper of N.A. Rudnev and A.A. Bragina on the cop.vcipitation of thallium and gallium with 
sulfides it may be inferred that the mechanism of entrainment is very complex and depends on the nature of 
the adsorbent and the character of the aging of the precipitates, 


A.A. Grinberg, in a paper on the finportance of complex compounds for radioche mistry, examined the 
significance of complex-formation for tho detailed description of the state of radio-element lons in solution, 
The part played by complex formation in processes of cocrystallization of radio elements with crystalline pre- 
cipitates in their isolation from solutions and mults was noted for the first tine (V.I, Grebenshchikova and E.M, 
Ioffe for solutions; V.R. Klokman for melts), i 
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A.A. Grinberg pointed out that a critical analysis of data obtained in the study of anomalous mixed crys 
tals suggests that the presence of complex ions in solution may sometimes provide the explanation of the ab- 
seace of a lower limit of miscibility. RV. Bryzgalova pointed out that by determining crys:allization coeffi- 
clents ome may establish the minimum concentration of complex former at which complex fons begin to by. 
forined from substances present in solution fn amounts detectable by an impulse counter, 


The conference discussed several problems concermed with the application of adsorption processes in 
cheinical practice. In the papers and discussions on this topic the results of experimental and theoretical in- 
vestigations on the following questions were presented: 


1, Theory of ion exchange (paper by B.P. Nikolsky). 


2. Chromatographic separation of rare earth and transuranic cleinents (papers by N.N. Tunitsky, B.K, 
Preobrazhensky, M.M. Senyavin, V.B, Dedov, A.K. Lavrukhina and co-workers, and others). 


3. Detennination of the state of radio elenents in solution by the method of adsorption on glass and on 
fon-exchange resins (papers by A.V. Kositsyn, V.L. Paramonova and co-workers, Yu.B. Gerlit, A.N. Subbotina, 
and others). - 


. 


4. Selective adsorption of some radio elements on ion-exchange resins, silica gel, and cthcr porous ad- 
sorbents (B.P. Nikolsky and co-workers, O.N. Suazhesko). 


In the papers on the chromatography of rare-earth elements, the main attention was devoted to the the- 
oretical and experimental basis for the rapid separation of the rare-earth products of nuclear reactions, The 
results reported at the conference indicate that it is possible to separate: two rare -carth elements completely in . 
the space of five ininutes (B.K. Preobrazhensky). A theoretical equation was proposed (N.N. Tunitsky) for de- 
termining the miniinum time required for the separation of two rare -earth ekements, 


V.M. Vdovenko read a review paper entitled "Extraction Processes in the Study and Se paration of Radio- 
Elements.” Extraction {s used extensively in radiochemical investigations, so that the study of processes of ex 
tracting the elements has acquired special inoportance. Contributions on the dicorctical and experimental ine 
vestigation of extraction processes were inade by the following: A.V. Nikolacv — obtaining weighable amounts 
of cerium by extraction of Ce** with wibuty! phosphate; 1A. Reformatsky and M.N, Ryzhov — extraction of 
americium and curium with tributyl phosphate; and also A.M. Rozen. 


V.M. Vdovenko, LN, Lazarev, A.A. Lipovsky and M.G, Kuzina reported the preparation of aniline uranyl 
triacetate, In tic form of which uranium can be extracted with certain organic solvents. Taking the example 
of the distribution of urany] nitrate between aqueous nitric acid and dibutyl ether, they showed that the forma- 
tion of coniplex compounds has a very important effect on the extraction of radio elements, 


In the examination of the chemical propertics of individual radio elements, the greatest Interest and the 
most lively discussions were aroused by the papers on the chemistry of technetium and amecricium, V.1. Spitsyn 
and A.F. Kuzina detailed the procedure for obtaining weighable amounts of technetiuin, Yu.B, Gerlit described 
the behavior of technetium fons in various valency states in acid, neutral and alkaline media, 


In a review of the chemistry of americium, G.N, Yakovlev discussed methods of obtaining appreciable, 
weighable amounts of Am™! and Am?® and the future prospects in this ficld. He characterized the valency 
states of the eleiment, and described methods of separating americium from wansplutonic and rare -earth ele 
mens. He mentioned that americium has been studied more thoroughly than some long-known elements, 


A.G. Rykov and A.A. Zaitsev reperted their recent results on the reduction of AmY and Am! py the 
radiolysis products of water subjected to the a-radiation of Am™!, As a result of an investigation of the kin= 
eucs of these reactions, It was shown that there is a relationship between the radiational yield of the reducing 


radiolysis products from water and the concentration of sulfate tons, A substantial difference was noted between 
the rates of reduction reactions of AmY and AinV!, 


Interesting results on the chromatographic separation of berkelluin and californium were reported by K.V. 


Filippova and LI. Guseva. They obtained the best separation when they used ammoniun) hydroxylsobutyrate 
as cluent, 


The conference passed a resolution on the directions of further Investigation in radiochemistry, and the 
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question of the publication of a special journal “Radiochemistry” was raised. Part of the proceedings of the 
conference will be published in Inorganic Chemistry. 


V.L Grebenshchikova and A.M. Trofimov ~ 
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THE USE OF RADIOACTIVE ISOTOPES IN BIOCHEMISTRY 


(From the 2nd Conference on the Biochemistry of the Nervous System) 


The second Conference on the Biochemistry of the Nervous System, convened by the Institute of Bio- 
chemistry, Academy of Sciences of tie Ukrainian SSR, was held in Kiev from February 12 to 16 of this year. 


Thirty-five papers were presented and discussed; these dealt with various aspects of the course of chem- 
ical processes in the brain and dw relationship of these processes to the activity of the nervous system, The use 
of radioactive isotopes has dec pencd and broadened our knowledge in this field. More than half of the papers 
dealt with new data obtained with the aid of radivactive tracers, - 


Chemical processes in the brain have been studied with the aid of the radioisotopes p, s¥5 and C%, in 
the form of inorganic phosphate (0), methionine and thiamine (S"), acetic acid, glucose, glycine and tyro- 
sinc (C*). 


Great interest was aroused by the paper of Academician A.V, Palladin and his assuciates on “Investiga- 
tions of the Proteins of the Nerveus System” which contained new data on the protein composition of the brain 
and nerves. A.V. Palladin used the method of paper electrophoresis to dernonstrate the presence of several pro- 
tein substances in brain mattcr; the aimouats and propertics of these substances were found to differ in different 
regions of the nervous system. By introduction of methionine tagged with S* into the animal organism it was 
shown that the different protein frctions differ considerably in their tates of rencwal It is probable that pro- 
teins differing in renewability differ in their significance in the activity of the central nervous systein, 


The paper by G.A. Nechaeva, N.V. Sadikov and V.A. Skvortsov on “Renewal of the Amino Acid Compo- 
sition of the Proteins in the Brain in Different Functional States” descrided the use both of methionine and of 
glucine tagged with C“, Variations of the incorporation of 9* and C™ into proteins, glutathione, glutamine 
and glutamic acid were found, indicating that the anetabolic rate of these substances in the brain depend on its 
functional state, Renewability increases on stimulation and decreases in narcotic sleep. 


K.L Pogodaev and A.I. Mekhedova detected intensification of the rencwal rate of brain proteins 
1-2 days after sleep lasting Uirce days, induced by sodium amytal; this may be attributed to intensified resyn- 
thesis of the protcins, : 


B.L thaikina and €.£. Goncharova devoted their paper to the littl -studicd question of the structure and 
Pirysiological role of brain glycogen. It was found that only 20% of the glycogen in the brain is in a free state, 
most of it being bound with proteins and lipwids, Acetic acid and glucose containing C% were used to show 
that C¥ is included at different rates into different glycogen fractions, Free glycogen is renewed at the great- 
est cate, and the renewal rate increases still further in an animal stimulated by phenamine, The rencwability 
of the glycogen bound with proteins and lipoids, however, remains unchanged, All this indicates a difference 
in the physiological role of free and bound glycogen in the brain; free glycogen Is aittitaied used fn brain 
metabolism as 3 source of cuergy. 


M.L Prokhorova and Z.N, Tupikova used the same radioactive tracers to demonstrate an Increase of the 
specific activity of brain glycogen and a decrease of the amount of it present in a state of stimulation induced 
by plhenamine. In narcode sleep de amount of glycogen in the brain increases while its specific activity falls 
below dw norinal level, The changes in die anounts and specific activity of ylicose in the brain ate opposite . 
to the corresponding changes in glycogen, The authors concluded that accumulation of carbohydrates in the 
brain during narcotic skep is the result of a decreased tate of carbohydrate metabolisin, From determinations 
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of the radioactivity of carbon dioxide expired by an animal (dog) it was found that under normal conditions 
the animal begins to utilize radioactive glucose 30-49 usinutes after it has entered the organism, and the util- 
ization reaches a maxinuin after GO minutes, In an experimentally stimulated state utilization of glucose 


_ began considerably svoner, after 10-15 minutes, while tt was retarded in narcotic sleep, 


” GE. Vladimirov, T.N. Ivanova and N.L Pravdina isolated from) brain substance a new fraction of organic ; 


“phosphonts compounds, Which were formerly regarded as “impurities” in tibonuclele acid, detcrmined by the 


widely tised incthod of Schmidt and Tanhauser, These substances proved to be lipoproteins, and the most re- 
markable feature was the extreinely high exchange rate of their constituent phosphorus. The great Physiologi~ 


cal significane: of these Iipuproteins is cnphasized by the changes in their metabolic ratcs in relation to the 
functional state of the brain. 


E.B. Skvirskaya and T.P. Silich ‘made a comparative study of the substances in - 
the’ nervous system by niwans of P®, paper chromatography, and chemical analysis. The most important result 
of these investigations was that differences were found not only in the quantitative contents of the phosphorus 

compounds in various parts of the nervous system and in different structural portions of the nerve cells, but also 


in the metabolic rates of the same phosphorus compounds, depending on the morphological structures with 
which they are associated, 


A.A. Srilmov and E.V. Chrikovskaya reported the results of an investigation Linportant from the method- 
ological aspect. Of the two commonest methods for isolation of the brain Llipolds, the method of extraction by 
boiling solvents after preliminary teeatment of the brain with trichloroacetic acid leads to loss of part of the 
lipoids, especially those with high specific phosphorus activity. It appears that this treatment causes destruc- 
tion of acetalphosphatides, If brain tissue is extracted with organic solvents in the cold, without teatment 
with tichloroacetic acid, acetalphosphatides are preserved, 


P.A. Kometiani and his associates synthesized phosphorylcholine and phosphorylethanolamine tagged 
with P®, By comparing the rate of inclusion of P™ from these compounds into the brain phospholipids with the 
rate of inclusion of tagged inorganic phosphate, they showed that these phosphorus esters are involved in the 
synthesis of the corresponding phospholipids, 


Very interesting data were presented by N.A, Verzhbinskaya In the paper on “Oxidative Phosphorylation 
in the Brains of Vertebrates in Vivo and Formation of a Barrice to Phosphorus in a Number of Vertebrates.” N.A. 
Verzhbinskaya used P™ to study the rate of increase of the specific activity both of inorganic phosphate and of 
Phosphorus in adenosine triphosphate (ATP) in the animal brain, On the basis of these experiments N.A, Verzh- 
binskaya was able to calculate the “conversion tine" and “conversion rate" of macroergically bound ATP phos- 
phorus In the brain of an intact animal, It was found that the conversion tine (L.e., the me in which all the 
bound ATP phosphonis present in the brain is decomposed and resynthesized) Is; for fishes, 75-90 minutes; for 
amphibians, 48 minutes; for reptiles, 14 nilnutes; and for mammals, only 8, 10 of 12 minutes, Such results 
could only be obtained with the use of radioactive tracers, 


Onc of the sessions of the Conference was devoted to the topical question of brain metabolism in hypo- 
thermia, used in surgery In operations on dhe heart and lungs, The paper by G.E, Viadimirov and his associates 
on °The Influence of Hypothermia, in Conjunction with Arrested Circulation, on Metabolism in the Brain® gave 
the results of studics of carbohydrate, protein and phosphorus metabolisin in the brain during hypothermia, Hy- 
potherinia results in a considerable decrease of phosphorus renewal in the organic phosphorus compounds, The 
renewal of substances which are significant from the energy aspect fs inhibited to a smalict extent than the re 


pewal of substances contained in tissue structures, such as and ribonucleic acid. G.I. Viadi- 
“mirov emphasized that the use of glycine and tyrosine tagged with C%, and of methionine tagged with f. 


showed a particularly sharp retardation of the renewal of the ainino acids in the brain proteins in hypothermia, 


RV. Chagovets, E.V. Lakline, A.A, Rybina, Fidman and Ts.M, Shtutman made a comparative study 
of the effects of physical covling, aminazine, sodium evipan, and the combined action of cooling and amina- 
zine, on metabolic procesws in verve Ussucs, This extensive paper contains noteworthy data on the incorpora- 
tion of thiamine (vitamin B,) tagged with $3 in various organs and tssues of the organisin. Prolonged cooling 
decreases the Incorporation of thiamine ba all the organs and tissues studied, with the exception of the brain 
and heart, th which the lncorporation of under these conditions, 


Three papers dealt with the effects of jonlzing radiation on the chemical processes in the brain, The 
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paper by G.Ya. Gordisskaya and O.N, Barmina contained data on the action of internal 8 -irradiation on phos- 
phorus and protcin metabolism {fn the brain. In these investigations P* was used simultancously as a source of 
B-tadiation and as a tracer for studying the cate of phosphorus metabolism. In some experiments methionine 
tagged with S*3 was introduced together with P™. It was found that the renewal rates of the organic phosphorus 
compounds and of the amino acids in the proteins varied with he dose of the B-radiation source present in the 
animal organism. 


L.S. Cherkasova and her associates presented data on the effects of total exposure of animals to x-rays on 
some characteristics of brain metabolism. It was found that the rencwal rate of energy-zich phosphorus com- 
pounds: adenosine triphosphate and creatine phosphate, decreases In these conditions, 


P.F, Minaev presented data on changes in brain metabolism under the local action of x-rays. He ad- 
vanced the very Interesting view that the ncrvous system, and particularly the brain cortex, have not only high 
sensitivity but also high resistance to ionizing radiations, 


A.A, Leontyeva's paper dealt with the effects of trauma on phosphorus metabolism. Operative trauma of 
the brain produced changes in the renewability of phosphorus compounds both in the traumatized and in the op- 
posite hemisphere. In the traumatized hemisplicre the relative specific activity of these substances remained 
different even 9 months and 1 year after the raumatization. 


The procecdings of the Conference will be published by the Academy of Sciences, Ukrainian SSR as a 
separate volume, 


G.Ya. Gorodisskaya 
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WITHIN THE SOVIET UNION 


THE ATOMIC PAVILION OF THE ALL-UNION INDUSTRIAL EXHIBITION 


(Section of Agriculture and Blology) 


| In the section “Agriculture and Biology” are shown the results of research on the biological effects of 
radiations on animal and plant organisins, and information is also provided on the use of the tracer atoin tech- 
nique in soil science, agrochemistry, and plant and animal physiology and biochemistry. 


By means of the tracer atom technique it proved possible to determine for the first tine how much phos- 
phorus a plant assimilates from the soil and how much from fertilizers; i.c., wo determine the conditions in 
which added fertilizers increase the utilization of the ekements of natural soil fertility by the plant (Figure 1). 


Fig. 1. Assimilation of phosphorus by plants: .a) Fig. 3. Methods of supplying fertilizers to cereal 
from the soil; b) from granulated fertilizers intro- crops; 2) in rows; b) under the plow; c) In rows 
duced with the seeds; c) from fertilizers intro- and under de plow, 

duced under the plow and into the rows, 
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This inethod also made pussible a dueper study 
Fig. 2. Phosphorus distribution tn foliar nutrition, of foliar mineral nutrition in plants (Figure 2). Foliar 
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Fig. 5. Possible nutrition of plants by carbon diox- 
ide through the root system (transfer of CO, through 
the roots to the leaves). 


a) b) 


Fig. 7. Metabolic rates in the brain: a) inclusion 
of P™ into phospholipids; b) inclusion of S* into 
sulfatides, 


feeding of the cotton plant, sugar beet, and some 
other crops is used as an auxiliary method for regu- 
lating nutrition and metabolism in plants. 


The question of the right times for introducing 


fertilizers has been further elucidated in experi- 


ments with the use of the isotope technique. Figure 
3 shows the results of experiments with P™, which _ 
indicate that a combination of the main addition * 
of fertilizer before sowing with fertilizer added 
along the rows during sowing creates the best con- 
diticns for utilization of the nutrient substances 
both from the fertilizer and from the soil during 

all development stages of the plant. 


Wide potentialities are a'so provided by 
tagged atoms for studies of the nature of the most 
important biochemical processes forming the basis 
of agriculture production. Photosyuthesis is one 
such process. Experiments with C™ did not confirm 
earlier views concerning the primary products of 
photosynthesis. It has been shown that among the 
primary products are glyceric and phosphoglyceric 
acids; not only carbohydrates but proteins also 
can be the direct products of photosynthesis in 
plant leaves. 


Radioactive isotopes such as c™ 
are successfully used for studying rates of trans- 
location and metabolism in plants. On one of the 
stands it 1s shown how © is used to study the inter- 
connection between the roots and tops of fruit trees 
(Figure 4). It has been shown with the aid of radio- 
active C™ that the translocation rate of assimilated 
substances {s greatly diminished with decrease of 
temperature and in conditions of water deficiency 
(drought). In different climatic conditions, the as- 
similated products go to different parts of the same 
plant. For example, in the central belt of the USSR, 
the photosynthesis products formed in the leaves of 
the potato plant go mainly to the tubers, while in 
the Far North, in conditions of a long day and low 
soil temperature, they tend toward the stems and 
growing points; this leads to a low starch content 
in the potatoes and to a low yield, 


Figure 5 shows the results of experiments 
with C™, in which a totally new function of the 
root system was discovered — assimilation of car- 
bon dioxide from the soil and its transfei to the 
leaves and other green parts of the plant. 


The exhibition contains demonstrations of 
the use of radioactive isotopes (Co™, s*5, pP® and 
C™) for studying metabolism in the animal organ- 


ism. Only a few individual examples of such investigations are shown on the stands, Figure 6 illustrates the 


synthesis of vitamin Bg. 


4 
Fig. 6. Biosynthesis of vitamin By. 
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te has buen pa by means of Go that the vitambs fs synthesized in the organism only by the investinall 
. tmfcroflora, By the use of S** and P* isotopes (Figure 7) it has been possible 20 determine how the renewal rates 
of proteins and the Mpold phosphorus fraction in the brain depend on the functional state of the organism. It 
was shown that renewal of proteins and of the lipoid phosphorus fraction is accelerated when the “a is ; 
stimulated, ‘and suppressed during narcode¢ skep. 


By the tise of radioactive tracers for studying the energy ectadandaign of cell activity it has been shown 

that energy transfer in the cancerous cell is quite different from that in a normal cell! It has been shown with 

the use of tagged glucose that in the cancerous cell, where intensive respiration is accompanied by intensive 
glycolysis, dic energy of both processes is always utilized in protein synthesis, 


In 1957 considerable »pace will be devoted in the “Agriculture and Biology” section to work on the bio- 
logical action of radiations on animal and plant organisms. For example, the stands will show the results of 
studies of the effects of ionizing radiations on fertility and heredity in mammals, work on the dircct and in- 
direct effects of radiation on the einbryonic deve lopment of mice, and data on changes of spermatogenesis in 
monkeys as the result of sublethal x-ray Irradiation. 


Work on the sterilizing {irradiation of potatoes and vegetables to prevent sprouting, and data on the disin=- 
fecting action of radiations which destroys pests on grain will also be shown. 


Other exhibits will include models of cquipment for irradiation of potatoes and sterilization of food pro- 
ducts, of apparatus for studying photosynthesis and respiration under natural conditions, and useful portable 
equipiient of great practical importance in agriculture. 


The effects of ionizing radiations on plants, stimulating their growth and deve lopment, will also be de- 
monstrated, 


Considerable extensions will be made to the stand showing tie use of isotopes foe research on animal and 
bird breeding; the results of studics of calcium metabolism in hens with the use of Ca“, investigations of the 
activity of the thyroid glen in animals with the usc of IY, and the use of S* for studying the permeability 
of the skin of shcep tw sulfur preparations, will be desnonstrated, 


The stand showing the use of radiofsotopes for studying plant physiology will be completely renewed. 
The most interesting work on the biosynthesis of certain specific substances in plants will be shown, It bas 
been shown by the use of C™ that the principal sites of catechin synthesis aze young three-lcaf shoots. The 
rate of catechin formation in adult and old Icaves is 20-40 times less. Experiments with tagged compounds 
have demonstrated the exceptional role of die roots of the tobacco plant in nicotine synthesis. 


R.A. Shirshova 
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STUDY OF THE DIFFUSION OF IRON INOXIDES USING 
TUE METHOD OF LABELED ATOMS 


In the Surface Layer Suuctur: laboratory of the Institute of Physical Chemistry of the Acadeiny of Sci- 
ences, USSR, Professor K,M. Gorbunova and V.I. Izvekov are making extensive use of radioactive isotopes in 
the snidy of the diffusion of mctals in oxides. 


The method of radioactive tracers has been used for investigating the diffusion of inetals in oxides. It 
has proved to be much more convenicnt and reliable than the optical, microscopic,and cuier methods previous 
ly employed, . 


“40 . — The rate of diffusion of cations in oxides is determined by 
the cucfficient of diffusion D = ~Q/RT, where Dy is a pre- 
= ed exponential factor, Q is the activation energy of diffusion and R 
3-%}-— and T are respectively the gas constant and the absolute tempera- 
3 mt, Lys ture. In determining the coefficient of diffusion of iron, labeled 
2 Mag! with the radioactive tracer Fe, a B and y radiator, in magnetite 
(Fes), corundum (a-A1,0,) and mitile (TiO), the authors used 
two methods of investigation; absorption and the removal of layers. 
7 N “dS bd - In the absorption method, the diffusion constants can be cal- 
lit \ ™~ culated from the reduction in activity of the specimen, depending 
“ns D ate: - on the diffusion of fron in the oxide at the given tempcrature; this 
< absorp\ method of investigation is non-destructive. The sccond nicthod. is 
based on the determination of the variation of activity of the spe- 
x cline in which the diffusion process has taken place, as a function 
aed N of the depth of the laycrs removed, From the results of the meas- 
Re N urements, Curves were Constructed showing the distribution of the 
‘Ne diffused metal in the oxide speciinen, The specimens were pre- 
0 42 38 pared by compressing powders of thy oxides of aluininum, fron and 
— titaniuin into tablet form (diameter 10 mm, thickness up to 5 mm) 
abs under a pressure of 200 atmos, The oxide tablets were then sin- 


tered for 50 hours at 1100-1400°C, The specimens thus obtained 
were homogenized for 25 hours under the conditions of the diffu- 
sion experinents, 


Determination of the activation en- 
ergy of the diffusion of iron in TIQ,. 


The specimens were coated with a thin filin of fron (thick 
ness fn tenths of a micron) containing Fe® by vacuum sputtering (1, 


Heating for diffusion was carried out in alr or in a vacuum (10 mm Eg) for 5-358 hours at a tempera 
ture Constant to an accuracy of 4S°C, The temperature varied between 770 and 1200°C, The radivactive 
metal penetrated the speciinen to a depth of from 200 to 500 microns, 


For calculating the coefficients of diffusion by the absorption method, the equation proposed by Gruzin 
and Litvin (2) was used; 


— 
rae Dt(t Dt), (1) 
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where Tog and Igy arc the inftlal 6 and y activitics of the spccimen; Ig and!y, the B andy activities of the 
_ Specimen after the diffusion of iron during a period t; D, the coefficicnt # diffusion; y, the coefficient of ab- 
sorption, and erfy ¥ Dt is the integral of error probability. 


The cocffictent of steorption p was determined experimentally from the initial part of the absorption 
curve for B-radiation of Fe? in aluminum and calculated according to the anna N = Nye #%, and for 
the oxides investigated, was found from the equation 


The experimental data obtained by the method of layer removal wore evaluated using the equation from Ref- 
erence (3 


where N is the radioactivity of the iron after removal of a layer of thickness x; Ng is the inicial activity; ¢ fs 
the time of heating; D is the coefficient of diffusion. 


The figure shows data relating to the calculation of the quantitics Q and ND, by the graphical method for 
the case of the diffusion of iron in TLO,, during which the specimens were heated in a vacuum in the tempera- 
ture range 770-190U°C. The straight line 1 was obtained by the absorption method, and the straight lines 2, 3 
and 4 by the method of layer removal. Line 4 is based on the coefficicuts of diffusion calculated from the in- 
itial part of the curve for the distribution of activity In the specimen; Lino 3 fs based on results relating to 
deep layers, 


It may be assumed that the high valucs of the diffusion coefficients and the lower value for the activation 
encrgy as determined from Curve 3 are duc to the fact that these data were obtained for diffusion along the 


boundary grains. Averaging the results corresponding to the straight lincs 3 and 4 gives values represented by 
the straight line 2, the slope of which is close to the slope of the straight line constructed on the basis of the 
data obtained by the absorptioy method. 


The data corresponding to the diffusion of iron in a-Al,O, and Fce,O, were evaluated in a similar manner. 


Further investigations on these lnes and particularly the elucidation of the tafluence of impurities in the 
oxides on the rate of diffusion of the inctal should assist in elucidating the mechanism of the action of alloying 
additions in Increasing the oxidation resistance of alloys, 


-N.B, Mikheey 
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LOCATION OF THE AXIS OF A y-RAY BEAM BY MEANS OF 
A SECTORED IONIZATION CHAMBER 


In work with betatrons and synchrotrons, it is frequently necessary to locate quickly and accurately the 
axis of a beam of y-tays. I.N. Usova (Laboratory for Accelerators and Photonuclear Reactions, Phys. Inst., 
Acad, Sci., USSR) has developed a very convenient method for locating the axis of such a beam; this method 
makes use of a so-called sectored ionization chamber. 


2 HH 
in 
4 > 
ia } 
Fig. 1. Diagram showing the principle re 


of operation of the sectored ionization 


nee. Fig. 3. Section of the sectored chamber; 1) guard 


rings; 2) collector electrodes; 3) high-voltage elec- 
trodes; 4) sectored working volumes. 


Fig. 4. Voltage -current characteristics of the sec- 
tored chamber. 


The principle of operation of the chamber is il- 
lustrated in Figure 1. The four sectors cut from one 
solid block are the working volumes of four fonization™ 
chambers. The axially symmewic y-ray beam from 
the accelerator is directed perpendicularly with re- 


Fig. 2. Photograph of a sectored ioni- 
zation chamber and the apparatus for 
positioning it in the beam. The elec- 
tronic circuit is cirectly below the chain- 
ber. The front cover is removed, 
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spect to the plane of the circk, The fonization currents from the four diambers are the same when the axis 
of the y-ray beam coincides with the axis of the sectored chamber, The only cequirement Js that the dimen- 
stons of the chamber be comparable with the half-width of the intensity distribution of the beain, The axis of 


the beam Is located by moving the chamber in thy plane perpendicular to the beain axis and finding = point 
at which die currents from the working voluims are the saine, 


A gewral view of the setup used at the 265-Mev osihiniatens of the Phys. Inst. Acad. Sci., USSR is shown — 

in Figure 2, In the version used here the chamber Is a cylinder 120 mm in diameter and 80° mm high. A 2.4 
double -layered aie chainber of annular plexiglass rings and foil clectrodes 1s mounted in a thin-walled alumi- 

hum Case (Figure 3). Each layer contains two working volumes in the form of sectors cut out of the plexiglass 

slab. The cavities in one layer are displaced by an angle of 90 with respect to the cavities in the other layer. 

In cach layer the two-sector working volumes have a common collector electrode and two scparate high-volt- 

age electrodes, Voltages of the sauw magnitude but opposite polarity are applicd to the high-voltage elec- 

trodes, With this arrangement the differcntial fonization current of the two sectors is measured; this difference 
vanishes when the centcr of the chamber cuincides with the axis of the beam. 


Great care has been taken to ensure that the working volumes are identical and to eliminate spurious 
currents, All elements of the circuit connected with the collector electrode arc Covered with serazine and 
shiclded from external clectrostatic ficlds, Under operating conditions the spurious currents are less than 5- 1078 
amp, making it possible to measure differences up to 107!" amp. The ionization current is determined from 

the charge which accumulates in a capacity, The collector electrode of each pair of sectors is connected to 

an unbalanced circuit (to an electrometer oibe type LEIP) located directly at the chamber. The high voltage 


is obtained froin a standard power supply (VSE-2500). The operating point ae sama to a voltage of 1,000 
volts (Figure 4). 


The chamber can be positioned in the ean and vertical plancs by means of two ckectric motors and 
femow control system, 


Special tests of the sectored chamber,carried out with a collimated source of y-rays from a powerful Co™ 
sources show that the working voiumes are the sainc and what the chamber has guod sensitivity. 


Since the beginning of 1956 the sectored chamber has been used systematically at the 265 Mev synchro- 


tron of the Phys. Inst. Acad. Sci. for locating the axis of the beain, The direction of the brain axis has been 
established with an accuracy better dian 1°, 


The sectored chamber c= alw be used for placing samples to be irradiated in the center of the beam, 
In this case the sampio Is rigidly attached to the chamber which is located at a distance In front of the sample 
being irradiated. The chamber docs not have any significant effect on the transmission of the y-ray beam since 
the amount of material in the working volume of the chamber Is Insignificant. It is also important that the re- 
verse flux of y-quanta and electrons scattered from the sample does not enter the chamber. 


Tu operation with a sectored chamber (as with any thin-walled chamber) the background clectrons in the 
“y-tay beain have an effect. There are different methods for reducing this effect but these Involve cither a 
considerable Increase in the complexity of construction of the chamber or the use of thick walls. Hence it is 
important that there be nothing placed in the y-ray beam between the chamber and the accelerator. 


a 


N.B. Delone 
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FOREIGN SCIENTIFIC AND TECHNICAL NEWS -.. 


DEVELOPMENT OF ATOMIC ENERGY IN ENGLAND - 


The rapidly decreasing coal resources in England, and the absence of petroleum resources, are forcing 
the leaders of English industry to look for new sources of encrgy; for this reason a great deal of attcntion is be- 
ing devoted to the development of atomic cnergy in England. 


The plans for construction of atomic electro-stations in England have over the past two ycars changed 
sharply toward intensification of the effort. The government program for ¢evelopment of atomic energy, that 
was adopted in February 1955, provided for construction of 12 atomic electro-stations of 1-2 million kw total 
power, and costing 300 million pounds sterling (2). ‘ 


In 1956 this program was re-exainined with consideration of the latest accomplishments of nuckar tech- 
nology. The power of the projected clectro-stations was increased to a total of 4-5 million kw, and their 
planned cost increased to 500 million pounds sterling. Recently the English governinent again re-examined the 
program and made a decision to build by 1965 between 16 and 19 atomic clectro-stations of 6-7.5 million kw 
total power and costing 600-700 million pounds sterling (2). 


Comparative Data of the English Atomic Electro-Stations (1, 8) 


Hal] Hunterston Bradwell Berkeley 
megawatt 2x 180 2625 2x40 
Electrical power, megawatt 4x23 6x60 6x554+3x 4x85 
ore dimensions (height/diameter 

m (neigh ) 8.2/9.4 8.5/15,2 9.4/13,7 9.1/14,6 
Number of channels 1696 3288 2600. 3000 
Grid spacin 20.3 21 20,8 20.8 
Weight o tons 2x 1200 2x 2150 - sand 
Weight of uranium, tons ~ 
21.4/11,3 | 21.4 (sphere) | 20.4 Gphere) |  24.4/15,2 

Shell thickness, cm 7.6 7.6 
Gas pressure, atmos 7 10.8 9.4 8.7 
Gas blower power, megawatt 25.44 2x 12.6 - 
Gas temperatures (inlet/outlet 

140/359 200/400 160/350 
Wall tempcrature, °C 410 42 _ 
Number of heat exchangers 2x4 2x8 2x6 2x8 
High pressure steam (atinos/*C) 14/312 41/371 53/373 21/320 
Low pressure steam (atmos/*C) 4/176 11/354 14/373 4/320 


By 1975 ft is proposed to bring the power of the electro-stations up to 40-65 million kw, which will allow 


a saving of 100 to 150 million tons of coal per year [2]. (At the present tine English industry uses approximate - 
ly 215 million tons.) 


The first stage of the program Includes the construction of four atomic electro-stations of approximate ly 
1 million kw total useful power, The construction of these clectro-stations Is to be completed toward 1960- 


1961, The design and construction of the atomic ¢lccto-stations has been assigned to four groups of industrial 
fieme 
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Fig. 1. Reactor for atomic electro-station at Berkeley: 1) plan view of the installation; 2) piping for 
CO,; 3) heat exchanger; 4) valve; 5) gas blower area; 6) gas blower motor; 7) crane; 8) regulating 
tod mechanisms; 9) pressure shell; 10) core; ” gtid plate; 12) ventilation chimney; 13) offices 

and control rocms; 14) cables, 


1) "Nuclear Power Plant Co.* — building the clectro-station at Bradwell, Essex; 


2) “Associated Electrical Industries” — “John Thompson Nuclear Energy Co,” — building the electro-sta- 
tion at Berkeley, Gloucestershire; 


3) °General Electric Co,” — “*stmon-Carves Atomic Energy Group® — designing the largest of the four 
electro-stations ~ at Huntcrston, Ayrshire, Scotland; 


4) “English Elccuric” — "Babcock and Wilcox” — “Taylor Woouroy Nuclear Energy Group® — this group 
must build the atomic olectro-station at Hinkley Point, Somersctshire. | 


In accordance with the chosen course of reactor building in England, all four clectro-stations will be ex- 
ecuted on the basis of o1.2 principal schemo; the source energy Is a reactor loaded with natural uranium, with 
graphite moderator, cooled by carbon dioxide gas, (The station at Calder Hall and the industrial reactors at 
Chapel Cross are built on the basis of this same scheme.) Howcver, froin the enginccring point of view, the 
new stations represent a step forward as compared to the Calder [tall station, 


Comparative data of the three now stations {s shown in tho table, 


The only thing known at present about the station at Hinkley Point fs that it will have an electrical powor 
output of 275 mw. The reactors will bo enclosed by spherical shells and will have 8 heat exchangers each (1). 


The basic departure of the projected stations from the one at Calder Hall Nes in thelr assigned usc, The 
reactor at the Calder Hall station is a double purposu one, that it, it is intended for production of plutonium 
and clecuicalencrgy (although at first the Calder Hall reactor was designed only for production of plutonium). 
The new stations must operate tothe basic load on the electricity grid, in connection with which the purlods 
of continuous reactor operation intrcase considerably (up to 80% of the instailed and active Unie) with grvat- 
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Fig. 2. Reactor for the atomic electro-station at Hunterston; 1) regulating rods; 2) 
heat exchanger; 3) gas blower; 4) machine for servicing the reactor; 5) upper con- 
crete shield; 6) loading and unloading tubes; 7) loading and unloading machine; 8) 

‘cores; 9) grid plate; 10) piping for heated gas; 11) outer shell under pressure; 12) 
inner shell; 13) piping for cooled gas; 14) concrete shielding. , 


er burn up of U™* and the Pu™ that is formed (8). 


' Another, no less important difference in the new stations is thelr gruat power and greatur efficiency (no 
less than 28%). The increase in these parameters became possible through the use of a reactor of large dimen- 
_ sions and with a shell thickness of 7.6 cm, which allowed an increase In the core dimensions, and an increase in 
the gas pressure, thus improving heat transfer. In addition, increasing the size of the core induces an increase 
in reactivity of the reactor, which allows a flattcning out of the heat flux along the radius, 


From the operational standpoint the basic advantaye of all the new stations {s the possibility of conduct- 
ing loading and unloading work during operation of the reactors. The design of the loading and unloading 
mechanisms ts different for oach of the projects, In the Scottish station project, loading and unloading of the 
reactor is done from below, In all the others from above. Changing the fuel elements from below has two ap- 
parent advantages; at the top cover of the reactor space becomes available which can be used for easier loca 
tion of the regulating and control mechanisms; the manipulators required for channel teplacciment become 


simpler. It is inwresting to now that the manipulators are equipped with television for visual observation of 
the replacement of the channels (10). 


Increasing the core dimensions created serious difficultics in building the reactor pressure shells, Exccpt 
for the Berkeley reactor, all the reactors have sphcrical shells, which allows Incroased gas pressures without in- 
ducing higher stresses in the shell walls, The reactor shell at Berkeley fs similar to that at Calder Hall and 
differs from it only in dimensions; the entry and exit system for the gas Is also similar to the Calder Hall 
schome. Tho solution of this problem for a spherical shell is more complicated. The designers of the station 
in Scotland, for example, made the reactor shell with double walls; the inside wall is thin and made of heat 
resistant stee), serving as a heat shield; the outer wall is 7.6 cin thick and careles the pressurc, The entwring 
gas flows into the space butweun the walls, then into the channels, and through a pipu that pierces both walls 
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to the ontside; to minimize heat loss, thermal insulation fs used, 


The systein of heat removal by gas ts the sane in essential features in all the projects. Differences exist 
only in the selected gas blowers, At the Berkeley and Hinkky Point stations ordinary axial flow blowers are 
used, powercd by altemating current induction motors; at the Bradwell station the blowcrs are powered by aux- 
iUlary turbogencrators, In the [nterston rcactor design the blowers are centrifugal type and are located inside 
the heat exchangers. “The number of heat exchangers in all the reactor designs is eight per cach installation, 


but at the Bradwell station the number has been deercased to six for economic reasons, but the heat transfer 
surface in cach exchanger has been increased, 


Construction work is already proceeding on the building for onc of the reactors at Berkeley. About 400 


people are employed at the construction sitc, and toward the end of 1957 this number will grow to 2000, Start 
up of the station is scheduled for spring of 1960 [3} 


Construction work was begun at Bradwell on January 18, and work will — at Hunterston in the very 
near future [7]. 


It fs necessary to note that the rapid deve lopment of atomic cnergy in England has placed the mctallurgi- 


cal industry of the country in difficulty. At prescnt there is felt a scarcity of shect steel which is essential for 
the welded shells of the rcactors and heat exchangers (2} 


Expenditures for the construction of the first three stations will be about 120 million pounds sterling (cap- 
ital costs will be 125-135 pounds/kw, which is 2-3 times higher than for cual burning stations) [4). The cost 
of the nuclear fuel will be less than the cost of conventional fuel; therefore the cost of electrical energy (0.65- 


0.70 pence /kw-he) will be comparable to the cost of ekecuical energy produced by conventional cual burning 
electro-stations [9]. 


LS. 
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SMALL ATOMIC ELECTRO-STATIONS -. 


As has previously been reported [1], the Oak Ridge National Laboratory has designed a small size atomic 
electro-station Intended for use in remote and inaccessible places. A small size atomic electro-station with 
reactor APPR-1 (Army Package Power Reactor) has also been designed hy the American Firm *Alco Products” 
for the Army. Construction of the station is being completed at Fort. Belvoir, Virginia, along the Potomac 
River, near Washington, 


Fig. 1. Construction of the reactor APPR-1. Fig. 2. Core of the reactor APPR-1. 


It was recently announced (2) that the Eng- 
lish firms “Humphries and Glasgow Ltd.” ard. 
“Daniel Adamson and Co.” concluded an agrce- 
ment with the fir “Alco Products” regarding the 
construction in England of small size atomic 
electro-stations, In the first stages of construction 
about one third of the equipment and the fuel 
elements as well, will be supplied from the USA. 
Later the construction of such stations will be car- 
ticd out by English industry. The reactors are deo 
signed for 2, 5, 10 and 25 mw of electrical powcr, 
which fs enough for the electrical requircinents 
of settlements containing 20p00~4000 people. 
Considering the high cost of transporting conven- 
tional fuel, small size atomic electro-stations 
when built in remote arcas, will be considerably 
more economical than small conventional clec- 
tro-stauions, The prototype for such reactors is 
the APPR-1, which uses pressurized watcr as the 
coolant and moderator. A reactor of the same 
type was installed on the subinarine °Nautilus” 
(3]. A general understanding of the English small 


rig. 3. Cross section of we reactor. The primary 
shield {s composed of a layer of iron and water. Aco Se eee 

tuation of the regulating rods is accompli shed from The electrical power output of the APPR-1 
beneath the reactor core (some of the rods are not is approximately 2 mw. As structural materials 
shown in the drawing). Coolant cutry is at the left, it employs only mild carbon steel and stainless 
exit.at the right. For fuel clement replacement the steel, The area occupicd by the reactor building 
removable plate (bolted down) is lifted off and the’ is not large (equal in area approximately w a ten- 
element are remowd through the upper tank, which nis court) (Figure 1), The reactor is entirely safe, 
is filled with water, The area of horizontal cross section of the cure, 
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consisting of 44 fuel elements, Is approximately 0.25 m®. The comer fuel elements aru eliminated to give the 
core a more cylindrical form (Figure 2). The length of the fuel clements {fs about 90 cm, of which the active 
portion takes 55 cm, The fuel units are plate type and contain enriched uranium clad In stainless steel. In the 
future, tube type fuel units may be adapted. Tho fuel cle ments have end boxes for entry and exit of the cool- 


The regulating rods aru actuated from’ below by means of a gear drive actuated by a shaft which passcs 
through a pecssure scal to a motor located extzmally, Reactor shut down Is effected by safety rods falling into 
the reactor core under the action of gravity following the cutoff of current to electromagnetic clutches, The 
safety rods (S In number) are hollow square tubes of absorbing material, that displace fucl clements. With the 
reactor running at full power the rods are moved out of the core and the fucl elements remain within it. 


The core is surrounded by a therinal neutron shield and is located inside the pressure shell (diameter about 
1,2 m, height 3.9 m). The primary coolant enters the reactor shell into a circular passage formed between the 
shielding and the shell wall, dien passcs into the lower, inlet, plenum chamber, rises through the core, and leaves 
it through the exit duct which is located on the same plane as the inlet (Figure 3). Water at a temperature of 
230°C and a pressure of 85 atinos enters a ¢ylindrical steam gencrator which is located vertically. The circula- 
tion of the primary loop water is accompUshed by means of a hermetically scaled cenuifugal pump. The pres- 
sure in the loop is maintained automatically by a volume conipensator with clectrical heating. 


The reactor shell is closcd at the top by a removable plate, adove which is located a cylindrical tank 
2.7 m high, that can be filled with water, Replacement of the fuel clements is done under watcr when the reac- 
tor is completely shut down, The shell and the reactor, surrounded by concenwic layers of iron and water shield- 
ing, and also the upper cylindrical tank, are in their turn Jocated in an external tank, having concrete shielding 
60 cm thick. ‘ 


The reactor, hcat exchangers, puinps and inechanisms for replacement of fucl clements ate all located 
in one building, nvade of fron and concrete and designed to contain the gascous fission products in cvent of a 
reactor accident. The rest of the reactor equipment — turbines, water processing installation, control room, etc. — 
are located in a two story building, adjacent to the reactor building. 


The small size, 10 mw ckctro-station being designed for England is characterized by the following data: 


Thermal powcr 46,000 kw 


Total electrical power 10,600 kw 
Useful electrical power 10,000 kw 
Uranium enrichinent 
Uraniuin loading 1.25 -3.5 tons 
Reactor duration at 100% load factor 18 montis 
at 80% load factor 30 months 

Number of regulating rods 1-9 
Average fast neutron flux 5: 10™ neut/cem*sxe 
Average thermal neutron flux 10” neut/ein*sce 
Temperature coefficient of reactivity Ok = 3.6°10°Y1°C 

Primary Loop 
Pressure 105 atnios 
Coolant flow 34 m/min 
Coolant temperatures 

at reactor inlut 250°C 

at reactor outlet 270°C 
Pressure shells 

diameter 1.35 m 

hvight 4.8m 


All surfaces in contact with the primary coolant are made of stainless steel, 


Reactor 
: 700 


Sccondary Loop 


Parameters of the secondary loop arc ty a large extent on the choice of turbine 
for classification purposes they are as follows: 


Stcam: 
pressure 26 
temperature 230°C 

Steam flow diroagh condenser 80 tons /ir 

Back pressure in the condenser 63 mm Hg 


Temperature of feed water a 138°C 


Shielding 


The conercte shielding ts L-1.2 m thick and surrounds the equipment in the primary loop. The reactor. 
building, filling the role of biological shiclding is 21 m in diameter and height. Used feck clements are kept 
in a storage pool located in the reactor building. 


Cost 


The total cost (including the fuel ¢ leinents) is estimated at 2 million pounds sterling. 


LITERATURE CITED 
(1] Atomic Energy No. 1, 113 (1956). 
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A FLOATING ATOMIC ELECTRO-STATION 


An English magazine® has published an Intcresting proposal for construction of floating atomic electro- 
stations. The proposal {s based — on the following reasoning. The oxecution of the recently adopted accel- 
erated program for construction of atomic electro-stations in England, can lead to the situation where it will 
be increasingly difficult to find in a short time ground space for new atomic electro-stations, which must be 
located near plentiful sources of water, and near locations suitable for disposal of radioactive wastes, For this 
reason the author proposes the location initially of atomic ¢lectro-stations on pontoons or in large iron and 
concrete barges, With such a station location the problem of a water supply disappears and (when the distance 


from shore {s far enough) the problem of radioactive waste disposal {s considerably simplified, The station 
must be connected to the elecuic network by underwater cable, 


The construction of floating atomic electro-stations must be considered as a temporary measure until 
large stationary atomic electro-stations gradually replace conventional coal stations. In the future (about the 
year 2000 of earlier) the floating stations will grow so obsolete that it will be possible to sink them, thus econ- 
omizing the tink and facilities necessary for the disassembly of the stations, Finally, in the author's opinion, 


°F, Myers, Engineer 203, 5272, 214 (1957). 
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Cross sections of a [wating atomic electro-station, showing a typical ar- 
fangement of reactor and turbogencrator of 50 mw: 1) exhaust pipe; 2) 
Uving quarters; 3) promenade deck; 4) service teas, shops, laboratories, 
ete.; 5) recreation room, dining room, etc.; €) wire mesh straincr; 7) 
control room; 8) cables; 9) switchboard; 10) turbogencrator; 11) high 
pressure turbine; 12) intermediate pressure turbine; 13) low pressure ture 
bine; 14) expansion tank; 15) water inlet for condenser cooling; 16) 
regulating rods; 17) fue} stores; 18) biological shield; 19) reactor; 20) 
coolant piping; 21) depketcd channels; 22) outlet for watcr cooling the 
condenser; 23) heat exchangers; 24) fecd pumps; 25) clectromagnetic 
pumps; 26) coolant sump; 27) ventilator; 28) condenser; 29) feed water 
pecheaters, 


these stations can be so constructed (of reconstructed In the future) that it will be possible to adapt them to the 
use of therinonuclear energy based on the synthesis of the hydrogen in the sea water. 


In order to obtain maximum ‘ceed In construction of the flwating stations, it Is essential to standardize 
the imost suitable stations (suitable by weight and reliability). Reliability must be given more significance than 
the thermal efficiency of the station. The iron and concrete hull of the floating station can be prepared in a 
harbor, and the equipment installed with the ald of lifting cranes, From the harbor to the anchor site the sta~ 
don can be either towed of can proceed under its own power, 


As fuel In the station's rcactor, ensiched uraniuin can be used, and as coolant, a sodiuin-potassiuin mix- 
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ture. A boiling water reactor could also bu used on the floating station, The station must be completely auto- 
mated. 


The station must have {nstalled turbines designed for steam at ordinary conditions (42 atmos, 427°C), 
with generators of SO mw power rating each, Potential at generator terminals is 11 kv and fs raised to 132 ky 
at a substation located at the oppusite end of the floating station. 


As fs seen in the drawing, the reactor 19 of the station has small dimensions and is surrounded by biologi- 
cal shielding 18, The turbogenerators 10 are mounted on heavy steel frames under two bridge cranes, The 
heat exchangers 23 are located vertically (for drainage of the sodium-potassium mixture into the sump tank). 
The upper ends of the hcat exchangers are connected by piping to the turbine. 


Some difficulty is presented by the problein of locating maintenance personnel at the station, which 
must be designed as automatic in operation. Apparently, as in floating Ught houses, it will be possible to es- 
tablish duty shifts on the station. However, If it becomes necessary to station personnel permanently aboard 
the station, it will be necessary to work out a number of additional measures to create normal working condi- 
tions for the personneL 


Yu. K. 


NEW DATA CONCERNING URANIUM ALLOYS 


Some new data concerning uraniuin alloys have recently been published. 


The U-Bi system (1) has been studicd metallographically and by x-ray diffraction, neutron diffraction 
and thermal analysis. Alloys containing up to 30% U were prepared in a graphite crucible at about 1300°C 
from pieces of uranium and bismuth (99.99%), the latter having been filtered through a porous Pyrex filtcr. Al- 
loys with a higher U content were prepared froin uranium powder and crushed bismuth, the uranium powder be- 
ing obtaincd by hydrogenation and dehydrogenation in the same graphite crucible in which the alloy was pre- 
pared. The system Ls of practical Interest, since bismuth {s very fusible and has a low thermal neutron cross 
section, and U~Bi alloys may be uscd as Uquid nuclear fuels, The phase diagram constructed from the data 
of many writers is given in [2}. 


Crystal structures, lattice . Theoretical density, Other properties 
parameters, A 
UB! — body -centered tetra- 13.6 Most pytophoric compound 
goal, ag = 11,12; 
= 16.55; C,/a_ = 0.95 
U,Bi, — cubic, a, = 9.350 12.59 Least pyrophoric compound 
UBI, — cubic, a, = 8.89 12.4 Harder than the other com- 
pounds 


The principal featurcs of the diagram can be expressed by the following reactions 
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270°6 

Peritectic L,,.+UBI 
1400-1480" 
Syntectic UBi and 
113066 


(The indices against L denote the percentage of uranium in the Uquid.) 
The properties of the intermetallic compounds are shown In the table above. 


The solubility of bismuth in solid urantutn is not recorded. The solubility of uranium In tiquid bismuth 
was found up to 900°C (1). 


Uranium, atomic % 
> 900 qu “fv id fu ; 
+AU 
=] 
A. A. A. A. 
Uranium, we Uranium, wt. 
* ase dicgram of system atp= stm. Fig. 2. Phase diagram of U-Zn system atp*5 atm. 


U-SI system, The republished diagram [2,3] includes all the phases previously known; only the margins 
of th- => ar=m have been really satisfactorily studicd, With the exception of U,Si, all the compounds have co- 
vale. bor. «tween the Si atoms and are very brittle, although none of them has outstanding hardness. Alloys 
of composidoa between and USI, are resistant to atmospheric corrosion; they spark copiously when abra- 
ded, Metallographis examination [3] shows that die compound U,SI (¢-phasc) exists at about 23 atomic % Si, 
f.e., it docs not correspond to the stoichiometric composition. It is formed at 930°C by peritectoid reaction. 
Alloys with thee-phase shee ld preferably be poured at a temperature of about 1625°C In a chill to obtain U,Si, 
dendrites of maximum grain fit -ness. Cooling can be done in a graphite crucible, but if contamination by 
carbon Is to be avoided, a beryi!ium crucible must be used, To wansform the cast alloy to the ¢-phase, long- 


_ Continued annealing (4-6 days) at 800°C is recommended. During this teatment, hardness falls considerably 
(from 40 to about 22 R,) and density increases, 


The e-phase has relatively high plasticity. When contained In a copper jacket, it can be cold formed 
with a he reduction. The ¢-phase can be satisfactorily extruded at 850°C with an extrusion constant K = 31.6 


kg/mm* (p = KInR, where Pp is the specific extrusion pressure and R Is the ratio of the initial to the final cross 
section). 


Carbon lowers the tcinperature of the peritectoid transformation of the ¢-phase; metallographic obscrva- 
tion shows that In the presence of up to 0,1 wt % carbon, the carbide phase does not appear. The effect of care 
bon on the physical propertivs of die ¢-phase was not determined, The ¢-phase is also obtained In ternary al 
loys cn adding 1 to 10 atomic % nioblum, nickel, fron, beryllium, aluminum, zirconiuin and copper to uranium 
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containing 15 atomic % St. 


The U~Zn system has been studied [4] by metallographic analysis, x-ray diffraction, come nae 
and measurement of the vapor pressure from the “dew point.” The alloys were prepared from uranium (total 
impurities less than 0.05%) and zinc of a purity > 99.99% in crucibles of high purity magnesia, magnesia con- 
taining calcium fluoride of tantalum (when heated in an atinosphere of helium for 10-15 min at 1100-1200°C, 
tantaluin does not react with the alloy). The charge cleaned by washing with weak HINO,, rinsed and dried, 
was placed in a dry chamber filled with helium, where it was placed in a crucible of tantaluin 0.25 mm thick, 
The crucible was then sealed by welding on it a tantalum cap and was placed inside a stainless steel bomb 
(AISI 309) which was also hermetically sealed. 


In another method of preparing the alloy, degreased and pickled uranium turnings were presscd with gran- 
ulated zinc into 20 g compacts under a pressure of 1.40 tons/sy cm. The compacts were placed in a MgO cru- 
cible and sealed in evacuated tubes of Vycor (high melting point glass) or quartz. The alloy was homogenized 
for two wecks at 550°C; during this treatment its volume increased by several percent. Phase diagrams for 
pressures of 1 atmos (Figure 1) and 5 atmos (Figure 2) wer: constructed on the results of the investigation (4). 
The pressure was produced by zinc vapor and in addition by helium in the stainless steel bombs. Variation in | 
the pressure did not appreciably affect the position of the solid-solid or solid-liquid boundaries. The solubility 


of uranium in zine was determined in separate experiments. The solubility of zinc in solid uraniuin is low and 
could not be detected by either inetallographic or thermal analysis. The only intermediate compound discov- 
ered, UgZnjy (S] and not UZng as indicated in [4] has a “aia structure and belongs to the space class Dih 
with ag = 8.99 A. Cy = 26.35 A and dexp = 8.50 g/cm, 8x-ray = 8.57 g/cm*; according to metallographic 
data (4), the x-ray region of homogeneity (theoretical composition 28.805 wt % U) fs less than 0.7 wt %, and 
according to structural data (5) it lies within the Limits UsZnjs-yy, 
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BRIE F REPORTS 


England. A new experimental reactor (NERO) has been installed at Harwell; the thermal capacity of 
the reactor is less than 100 watts, This reactor is intended for research with the idea of improving English reac- 
. tors in which gas coolants and graphite moderators are used, 


The reactor is a graphite stack, the dimensions and shape of which can be changed within the limits of a 


diameter of 4.2 meters and a height of 3 meters, The graphite stack {s surrounded by a concrete shield of 60 
cm in thickness, 


Heat-exchanger elements of different types can be placed in the stack with various spacing and lattice 
configurations, The arrangement of the heat-exchanger elements can be changed in a few days, The reactor 
is controlled by cadmium rods. The maximum thermal-ncutron flux is 10° neut/em*sec, 


The reactor sn be used mainly for checking calculations in studies of the effect of the fissionable iso- 
topes US and Pu® and the original material U™* on the physical characteristics of graphite reactors. It is 
also proposed to study the use of sodiun) as a coolant in graphite reactors. For this reason the reactor has been 
named NERO (Na experimental reactor zero cnergy). (Engineering 183, 4749, 346, 1957.) 


USA. According to 2 statement issued by the AEC, in 1975 the electric power generated by nuclear 
power stations in the USA Is expected to reach 50,000-75,000 megawatts; it is anticipated that several hundred 
reactors will be built. By 1962 the electric power of nuclear Installations, proposed or under construction, will 


be 1,000 megawatts, in 1965, 3,000-4,000 megawatts. Up to 1975 the power of nuclear installations will be 
increased by some 8,000-12,000 megawatts per year. 


The data given by the AEC Includes all reactors built in the USA (including demonstration reactors), a 


total of 231 reactors; of these, 94 are In the design stage, 46 are being built, 74 are completed or already op- 
erating, and 17 are demonstration reactors. 


Of the 46 reactors which are under construction only § can be considered as industrial power reactors. 
Hence the program of building several hundred power reactors In the next one of two decades will be a formid- 
able task for American industry. (Nucl, Powcr 2, 11, 83, 1957.) 


USA, The Westinghouse Electric Corporation, Pennsylvania Power and Light Company and Union Car- 
bide Nuclear Company plan the construction of a new nuclear power station with a capacity of 150 megawatts. 


It is proposed to use a mixture of enriched uranium and thorium In the form of a suspension In heavy 
water as the fucl; this fue) will circulate through the reactor and deliver heat to a steam generator, The ad- 


vantage of this type of reactor fs the possibility of reprocessing nuclear fuel continuously at a nuclear power 
station without disturbing operation. 


It is expected that the station will be completed in 1962. (J. of Commerce, February 27, 1957;) 


USA. 60 miles from San Francisco (at Stockton, California) a site has been chosen for the construction 
of a center for the development of methods and research into the economic utilization of radiation for conserva 
Son and pasturization of feed. A reactor will be built on this site (cost 3 million dolla«s) and used for irradia~ 


‘on of feed products; an accelerator and Laboratory, etc, will also be butlt at a cost of 4.5 million dollars, 
(Nucleonics 14, 12, R-7, 1956.) 
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USA, To satisfy the growing need for the boron isotope B™, the Atomic Energy Commission has set up an 
installation at Niagara Falls (New York State), 


The output, containing 30-95% of the isotope B™ will be produced in kilogram quantities in’ pure form and 
in the fori of chemical compounds. (Awmic Energy Guideletter, No. 109, February 15, 1957.) 


USA. A group of American firms has deve loped an atomic battery which, it is expected, will find wide 
application. In the battery, which is about twice the size of a tablet, energy is transformed fiom one form to 
another. The S-rays emitted by promethium-147 fall on a phosphor layer which gives off light flashes; the 
light energy is then converted into electrical energy. 


Promethium-i47 is not dangerous but its cost at the present time Is quite high (500 dollars per curie) and 
the amount of promethium used in one battery is worth more than 200 dollars. It is expected that the cost of 
promethium will be reduced to 50 cents per curie when methods are developed for the extraction of large 
amounts from fission products, (Newsweek 49, 5, 39, 1957.) 


Italy. Close to the small city of Ispra on the shore of Lake Maggiore an atomic center will be built 
on a site of 395 acres. The first nuclear reactor will be built on the site in 1958, (Discovery 18, 2, 83, 
1957.) 


Federated Republic of Germany. The Parliament of the country of Severny Rein-Westpthal 
hss appevached the government of the FXG with a proposition to acquire a DIDO reactor from Great Rritain, 
The reactor will be used for scientific research at the atomic center which will be set up near Dusseldorf (At- 
omic Energy Newsletter 16, 13, 4, 1957.) 
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